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PREFACE 


T FIE principal object of tliis volume is to provldt* a 1 laiiilliook that will give 
the average reinforced concrete designing engineer the data that be may 
normally re(inire in the ordinary course of bis duties. 1'he book is divided into 
tlirey principal Parts, the second of which eomj)ris(‘s a seri(*s of table's that 
endeavour to present in a concise form, and in accoi dance with modern i^actice, 
the necessary information and formuhe. The Jirst I\'irt gives explanatorx* notes 
upon, and subject matter additional to, that given in the tables, and thus by 
not interspersing the text among the tables the latter .ire supplemented without 
sacrificing completeness or compactness. 

The ti'xt deals with the factors of design in the following seciuence : («) loads 
and pressures; (b) calculations of iiioiiK'nls and forces; (c ) deterniiiiatioii of 
stresses and design of sections. There is no yn’etence of di*aling with the wide 
subject of the con.struction of reintorced concrete structures except in so far as 
the work on the site aliects that of the engineer at the drawing board, and in 
the endeavour to avoid duplicating much material tliat is fully and admirably 
dealt with elsewhere tin* mat liem.itK'al process<*s by which the various formuhe 
an' derived ha\ie been omitted. 'I he third Part takes the form of a descrijitive 
bibliography to which the reader is referred for fuller infoimation on those parts 
of the subject that are briefly dealt with in this volume. 

With this as his aim, the author ieels that no ajiolog}^ is needed for .adding 
this volume to the literature of reinfoiced concrete design. Although it is 
hoped that the pre.seiitatioii of some aspects of the subject may strike a new 
note, information h.as had to be obtained Irom many sources, and acknowledgment 
must be made to those engineers who aie mentioned in the text. 

'^'h(f .author's thanks are also due to Mr. R. A. Manthei, A.C'.G.T., D.l.C., 
aiid Mr. R. Hicks tor their assistance in preparing the w'ork for publication. 

Although this volume is primarily addies.sed to concrete designers, it is hoped 
that it may be of .some valiu' to those' engineers wh(«c practice only occasion.illy 
brings tUem in touch with reinforced concrete, and that even the expert may 
find the tables jnteresting and of assistance. 

C. h:. R. 

Stafford, 1922. 
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PART I 

DESCRIPllVE TEXT 




CHAPTER I 

REINFORCED CONCRETE ENGINEERING 


1- Design Ideals. 

In his^cveryday practice the reinforced concrete designing engineer is beset by 
many varied problems. Unlike the structural steel designer, who lias but Oiie 
standard material, and that supplied in standardised sections, the concrete 
designer hJs to think simultaneously in terms of live materials, namely, stone, 
sand, cement, steel and timber. These materials have to be combined to fulfil 
efficiently the designer’s requirements. When he makes his calculations, instead 
of being guided along the simple lines of elementary mechanics he is assailed by 
the apparently abstruse mathematics of the elastic theory. The concrete 
engineef's realises that his detail design is as important as his main planning. 

^Efliriency and economy — related but not quite identical “iniist always be 
upiDcrmost in his mind, liflicient detailing is of ])aramount importance, and 
by efficient detailing is meant much more than i)roviding in an economical 
manner the comjjutcd area of reinlorcements ; it implies that this calculated 
amount of steel can be practically placed so that it is given a chance to do the 
work it will be called ui)on to perform, and that reinforcement is provided to 
take those many incalculable secondary tensile forces that are inherent in a 
monolithic concrete structure. 

Towards the production of seife and economical structures good judgment 
will do nearly as much as calculations, and especially in the matter of the assump- 
tion of loads to be carried does the shrewd designer have scope for the display 
of this jiulgment. It is of little use to make calculations with the effective 
d(‘yth ?)f a section carried to two places of decimals, if the loads are 25 per cent, 
under- or over-estimated. 

Competent designing must be associated with eflVi'^nt and relentless super- 
vision of the work on the site if, in the interests (jf his profession and his client, 
the reinforced concrete engineer is to take full advantage of the latest research 
results and refinements in calculation, and of the excellency and uniformity of 
modern cements. 

The trend of modern design is such that, where proper precautions are 
taken to ensure that the assumed loading and specified quality of concrete are 
realised, high working stresses can be em})loyed with safety, and the more factors 
allowed for in the calculations the higher the working stresses may be, and vice 
versa. At the same time complicated and pseydo-exact mathematics should 
not be allowed to confuse the sense of what is good engineering. If concrete 
engineers continue to compute with stresses in the oi*der of 16,000 and 600 lb. 

3 B 
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jK*i sfjuanj .ipj)roxiiTiate bending moment factors and roughly calculated 

resistance moments arc good enough for all normal beam calculations. 

'J lie object of all t(*clinical advances should be to introduce refinements and 
simjililications into the methods of computation that the engineer must make 
to aid his judgment. The refinements should render the stress survey more 
( om[)r(‘hensive and tlierefore more satisfactory, and the simplifications should 
surely commend themsidves to the ever-growing company of tJiose who are termed 
leinlorced crincnde engineers. 

It would secun that the ccnicrete designer should be a versatile engineer, 
so many and varic’d are the. duties he may be called upon to ])erform.^ From 
the initial stages nf site insptrtion and general planning of a structure through 
the inteimediat(‘ stages involving tlie preparation of tlu; detail designs, cost 
i‘stimate, bills of (|uantities and specification, to the final stage of inspection of 
woiks in piogress, measuring-up, amendments to designs due ic. unforeseen 
( iicumstances arising during the course of the job, he is continually i>ULting to 
us(', and at the same time augmenting, his stun* of knowledge and ^exju'rience 
ot stiuctural materials and design, as well as of coiistriK lion nudliods and costs. 

'I'lie ideal r<‘infoi('ed coia rett^ (‘iigineer is the oiu^ who can blend sufficii’iit 
of theorv and jiractice. At one end of the sc.ale is the mathematician who can 
(alc'ulate precisely the stresses and strains ])roduced by an assumed imposition 
ol loads ; lu' is a \ eiy useful man when Ids theoietical knowledge of mathematical 
intricacies is c'on])lc'd with exjx'iicaico of wli.it can be done and w^liat are the 
limitations of thc‘ materials he is hypothetic ,ill\' handling. At the othcT end 
<»1 the sealc* is tlic‘ c'ssc'ntially prac tical man with little' adwinec'd tec Imic'.d know'- 
Ic'dge but with thc‘ kn.ac k ol knowing what c.in be done' with a given material; 
a man who ean skilfully sc't out .in mttieate ground jd.m, wht' c .in m.ikc' gocid 
c'omri-te, W'ho c.m elTiciently handle the' l.dioui saving eonsli netor’.s ])lant of 
to-day, who can oig.misc*, and wlio c.m <•( onnmi( all\’ e.uis(‘ the mat lic'inatic i.an’s 
dreams to inatei lalisi' 

And wli.it ol tlic’ man bc'tw’een lliesi' (w(» c'xlieines > At his lx‘sl lie must 
be a man with snilicient techiiic.il kiiowledgi' to ccuitrol and inteipn't the 
mathematician’s conec'ptions and to translate' them into j)iojc‘c’ts that tlic3 cun- 
struelor c an c'leet ; lu' must know wliere he ean s;ili‘|\ sac rilice theoretical accuracy 
for economy of c'oiisi; uetion ; lu* must be able to eoiMjirelic'nd the rec/Tiirc^ments 
of his non-tt'elinieal clu'iits and to dnuv iij) a practical specification that \wll 
defend liis cliiait against unsc inpulons contiai tois but tli.it will not be too severe 
on conseientioiis builders. He must know siiflicic nt of the practical man’s ways 
and of the materials' market to estimate with ])U'rision the probable; cost of a 
juoject. and be must have snfiieient aeijn.iinlanec with tlR\ business side of 
engineering to realise from wliere be can best gather i i work — in short he must 
be oiu'-tbiid p.ail teclinici.m, one-third }>arl const ruetc-r, and one-third part 
lawwer, comrneicial man, and organiser. 

Admitting that this versatility con.stiiutes the make-up of an engineer, the 
cpieslion arises as to what is the training (education) the aspirant should undergo. 
Limiting our consideration to the reinforced conerete engineer wdio intends to 
make designing his princijial business, it is reasonable that in liis blending of 
junciical mathematics and field e.xperieiicc his study of theory should pre- 
Joiiiiiintc, ;wd in his early years he should endeavour to proceed along both 



REINFORCED CONCRETE ENGINEIlRING 


5 


rueul.s at once in order that in an intensive study of one si*W lictdoos not Jose 
of the importance t)f the other. His studies should <>l)viously include the 
usual tluory of structures and strength of materi.ils, and sik Ii (»tlier subjects 
as are usually embraced by the universit}" degrees and professional examinations, 
riiese ran l)e valuably supplemented by the l(‘ss abstrac t studies of building 
f onstruclion. geology, and the elements of architecture. Nor sho\iId languages 
he oveiluoked. since much that is of \.du(‘ in erigineeiing literature is often 
}n evented in the (icrman or French language. 

On tli(‘ jirartical side it should be Ikhuic in mind that clear draughtsmanship 
is ,dl-iuii)(a tant in any branch ol enginetaing. I hc outdoor studies of the concrete 
d(*snia r should embrace survey ing, and fainiliaii.sing him.sell with such details 
as timber sizes, the amount of concrete that can be made and ])Iac(‘d in a given 
time,^uul, even more important, wlrat difliculties are e\]H‘iienced in tlie blinding 
and ph'K ing of rc'iid'orcing bars. Jf he is wis(‘ he will realise that a peisonal 
iii'-ighl inl<i siuh lowly occu|)ali<‘ns as tiacing and th(‘ k(‘eping ol sile and othce 
It Colds is^uselul to any man wlio, wh.il(“\( r let linn al diplom.is lu’ nia\’ juissess, 
dfsiics to (jualify as an engineei. 

2. Economics. 

TIk'ic arc* lew, if aiu'. reliabh* (iileri.i ol (m onom\’ in leinloreed eoncKdi' 
(h’sign* since b(‘sides the* ob\ions elletl of the H‘l.di\e cost j)iie('s of concrete, 
s((m 1. and liinl)er on tin* (('oiioinK piop(»rtions ot the (|n.mtit\ of eoii('ret(‘, ](‘iii- 
foiaement, and shutteung, there are p<»ssiblv olhei an<l just as im[)orlant factors 
.'(•I llie ba( k of the iiidni Inal designei 's mind. Ib)i (‘\amt)li', a (h'signer engaged 
b\ d ('Oil! I a( ting^dc -igiang ori’ams.itioii may ha\e to b(‘ar in mind that a par- 
t K nlai |)ie( e ol >j)e( lal ]»hinl , sU( h as steel loi ms of a ('ei tain si/e, will be availabh' 
h'l Use on a partit ul.ir job, and lln'reloic it is (‘('onoinx' so to dis])os(' tin* si met lira! 
a? i aiigcnient i1m( siu li ])lant (an be ii-ed instead ol l(a\ing it idle in tlie yard, 
t )r again, il laboiii lioublcs or a rise in wage rates .air foiei ast in tJie joiners' 
tiad(‘. Iben iconomv ma\ aia rue b\' sa\ing sluiUeiing at Hm* i'.\])eiis(‘ of eoiKTcte. 

SiK b ( onsid(_iations as whether less (oiu nde ol a Ti('h iiii.v is (Iieaj>i‘r liiaii 
.1 greater volume (d a leaner mix . whelher the use of liigher-jaii ed bais of over- 
long IS will (dlset the ( ost of tlie extra waaght used in lapjiing ( heaper bars 

of^noiin.al Irngtb ; wlutlua, fonsisteiit with eflu ieiil detailing, a few bars of 
large dianu‘ter c.ui rejilace a larger numbrr of bars of styaller diameter ; \vbeth(*r 
th(‘ (’xtra cost of ia])id liardeiiing (em(*nt justirK's tla^ saving madi* by a greater 
number (d usi's of llie shuttering ; or wliether umhanuty in the* sizes of imunlnTs 
sav(s in slmllerigg wliat it riM\' cost in extra concn-ti* these art* a few among 
th(‘ many probhans that beset and an* solved by the inrlividual d(*.signer of every 
job of importaiic(*. 

Tlien there is tlie wider as[)eet of the e('onomical jiroblein, such as whether 
the anti('i]\ated life and use of a jiia^piased striKturc wairrants tlu* use of a Jiigli 
or low’ factor of safety, or whether tlie exiia cost of adopting an cxpen.sivc type 
of construction will be commensurate with the imj:)rovement in internal facilities. 

A common example of llie latter consideration bccurs wlien the extra cost of 
liclically-bouiid columns is compared .with the rental value of the floor space 
saved. 
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The wording gfc a contract and the experience of the contractor, the locality 
of the site and the nature of<.the available materials, and even the method of 
measuring up the quantities, together with numerous other points, all have 
their effect, consciously or not, on the designer’s attitude towards a contract. 
So many and varied are the collateral factors to consider that only experience 
and the study of the trend of design can give the designer any reliable guide. 
Attempts at determining the most economical proportions for a given member, 
basing that determination only on inclusive prices for concrete, steel, and shut- 
tering, generally lead to dimensions that are usually unconventional and some- 
times absurd. It is nevertheless possible to lay down certain broad principles 
that, coupled with the observations made in subsequent chapters, should be. of 
some guidance. 

Weight for weight the material and labour costs on small dinmeter btp-s arc 
greater than those on large diameter bars, and within wide limits lung bars are 
cheaper than short bars if there is a sufficient tonnage to justify special transport 
charges and facilities. 

The less cement in a cubic yard of concrete the cheapert he concrete, but, 
other factors being equal, the lower the strength. Taking strength and cost into 
account a rich mix is more efficient than a leaner mix, and what is usually known 
as a I : I : 2 mix may be 20 ])cr cent, more efficient than the more usual 1:2:4 
mix. In beams and slabs, however, where much of the concrete is in tension 
and therefore neglected in design calculations, a lean mix is cheaper than, a rich 
mix. In columns, where all the concrete is working in compression, the adoption • 
of a rich mix leads to economy, since besides the more efficient concrete there 
is the saving in shuttering consecpient upon the reduction in size of the member. 
Tlie relative economy of various column designs is discussed in Chapter XIII. 

The use of compression steel is always uneconomical when tlie cost of a 
single member is being considered, but advantages accruing therefrom by increas- 
ing headroom under beams or by reducing the size of columns may offset the 
extra cost of the individual member. 

Bent -up bars are more economical than binders for resisting shear in beams. 

Tec beams are cheaper if the rib is made as deep as possible ; lierc again 
the increase in headroom consecpient on reducing the depth may offset the small 
extra cost of the beam. An increase in overall depth of 33 J per cent. lYiay^ result 
in a 20 per cent, decrease in cost. c 

Shuttering is obviously cheaper if all angles are right angles, if surfaces 
are plane, and if there is a fair amount of repetition. Thus splays, fillets, 
chamfers, etc., should be dispensed with unless essential to structural strength, 
and wherever possible architectural features in cast-in-si tii , work should be 
formed in straight lines with right-angle breaks. When shuttering costs are 
considered in conjunction with concrete and steel costs, the introduction of 
certain complications in the shuttering may lead to more economic construction. 
For instance, heavy continuous beams are more economical if haunched at the 
supports, and circular tanks of medium capacity are chea])er than rectangular 
tanks of the same capacity. In some cases domed roofs and tank bottoms are 
more economical than flat beam and slab construction, although the shuttering 
may cost 100 per cent, more for spherical work. When shuttering can be used 
several times over the advisability of employing steel forms should be considered, 
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and, owing to the less adaptability of steel as compared with«w(^d, the design 
should be modified to allow of their use. Generally steel forms for beam and 
slab or column construction are only cheaper than timber shuttering if twenty 
or more uses can be assured, but for circular work half this number of uses may 
warrant the adoption of steel forms. Timber forms for slabs, walls, beams, 
column sides, etc., are usually good for four uses before repair, and six to eight 
times before the cost of repair equals the cost of remaking. Beam-bottom 
boards can be used at least twice this number of times. 

A very essential aspect of the reinforced concrete engineer's work is an 
appreciation of the economical qualities of materials other than concrete. The 
judicious incorporation of such materials into liis designs may lead to economies 
on a large scale, and because his structure is primarily built in his specialised 
material he should not be insensible to the applicability of other building materials 
in appropriate parts of his structure. Just as there is little excuse for facing 
reinforced concrete bridges with stone, so there is no economic reason for con- 
structing 4-in. reinforced concrete panel walls when a 4j-in. or q-in. brick wall 
will servf the same purpose. A 4-in. reinforced concrete wall has almost the 
same resistance to bending as a q-in. brick wall and is about equal in cost. The 
direct load-carrying capacity of a q-in. brick wall is almost equal to that of a 
5^-in. concrete wall, whereas a 14-in. brick wall has the same bending strength 
as a 6-bi. concrete wall and the same load carrying capacity as an 8-in. concrete 
wall, l^ut in all cases the concrete wall is cheaper than the 14-in. brick wall. 

Other common cases of the consideration of the claims of other materials 
are that of asj)halt road surfaces on concrete foundations compared with all- 
Qoncretc roads, the installation of timber or steel bunkers in place of concrete 
structures when^ short life only is required, the erection of light steel framing 
for the superstructures of industrial buildings, the provision of pitched steel trusses 
with suitable roof coverings, compared with concrete roof slab and beam con- 
struction, suspension cables as against long-span concrete arches, masonry 
blocks as against concrete monoliths in marine work, and timber piles compared 
with reinforced concrete piles. Included in such economic comparisons should 
be such factors as fire-proofmg, deterioration, depreciation, insurance, appear- 
ance, and constructional time, besides such structural considerations as founda- 
tions, cofivenience of construction, and availability of materials. 



CHAPTER II 


LOADS 

1. -Dead Loads. 

Thk careful and judicious assessment of ilie loads f(jr which a whole structure 
or any particular structural member should be designed is as ’important a factor 
in the production of an efficient engineering design as is the general economic 
jdanning of the scheme, or the precise estimation of tlie dimensions of tlie various 
members. Loads arc conveniently divided into (i) dead (or permanf'iit) loads 
and (2) live (or incidental) loads. 1'lie |)rimary dead load is the weight of the 
structure or member itself, which, if of reinforced concrete, is conveniently 
calculated at 144 lb. })er cubic foot. Other dead loads include the permanent 
weights carried by the member, such as surfacings ; walls and superstruOure of 
either concrete, mas(mry, brickwork, or steelwork ; asphalting ; iloor tiqishes ; 
roof scrcedings ; fixed macliiiKTy ; and tanks. On Table No. i are tabulated 
some values for guidance in assessing the total dead loading that has to be 
carried. 

In addition to the weights of various structural materials, This Table gives 
the unit weights for glazed, slieeted, and slated roofs, together with the average 
equivalent loads per s(juare foot of horizontal ])rojec(ion for steel trusses of 
various s]:)ans. 'J'hese iigures should be of value in estimating the loads carried 
by a corK'rete substructure luniiig a ])itched steed roof, h'or ordinnry stee'l- 
work made up of standard joists or compound sections it is generally suflicient 
if the weight is estimated by adding to the nominal weight of the section an 
allowance of 10 per cent, for coniu'ctions and rivets, although extra should be 
allowed for stanchion bases and caps. ^ 

Where conciete lintels support brick walls it is ir t necessary to consid^T 
the lintel as carrying all the wall above it, but it is sufficient to allow for a 
triangular portion as indicated in the diagram on Table No. i, the remainder 
of the wall being carried by arch action. 

2.— Live Loads on Floors, Roofs, and Stairs. 

Any external loading that may come on to a structural member when the 
structure is serving its normal purposes should be allowed for as incidental or 
live loading. Such loading would include stored materials, furniture and movable 
equipment, cranes, vehicles, snow, wind and people. The actual value of 
these live loads depends on the individual requirements of each part of the 
structure. 

For buildings in cities, the live loads to be taken by floors, staircases and 
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roofs are laid down in the regulations controlling building^ ccAiis^ruction in any 
particular district. The floor loads for varioug classes of*buildings given on 
Table No. i are generally suitable for structures that* do not come under any 
particular controlling authority. In addition to a uniformly distributed live 
load, some authorities require the floor to be suflicient to carry an alterna- 
tive point load that may occupy any position on the otherwise unloaded 
floor. The magnitude of this load vaiies with the type of floor as given on 
Table No. i ; the load can be considered as acting over an area of 2 ft. 6 in. 
square. 

A live load of 120 lb. per square foot on stairs and landings should cover all 
possible loadings, but it is suggested that these parts of a structure should be 
designed to carry the same loads as those carried by the floors served by the 
staircase, except in the case of a warehouse type of building where the possibility 
of fliavy goods being transported by means of the stairways is remote. In no 
case should a stair be designed for less than f cwt. per square foot, and each 
step should be designed to be capable of carrying independently a point load 
of 300 IB. 

The superloads for roofs given on Table No. i are additional to all surfacing 
materials and they include allowances for wind, ice, snow, and other incidental 
loads. With regard to the weight of snow, it should be borne in mind that 
although freshly fallen snow weighs about 5 lb. per cubic foot, compacted snow 
nia}’ reach 20 lb. per cubic foot, and this fact may require consideration when 
designing structures in districts subject to heavy snowfall. For pitched roofs 
the snow load decreases with an increase in steepness, but the wind load increases. 
Jf a flat roof is used for any purpose such as a caftS roof-garden, etc., an additional 
loading must be allowed for and a minimum superload of 1 cwt. per square foot 
should be taken. The j)ossibility of converting a roof into a future floor should 
also be anticipated. 

3. — Stores. 

Buildings of the warehouse class should be designed for a minimum live 
load of 200 lb. per square foot, but the actual purp(\ses for which the building 
is to be used should be considered, and, if thought necessary, a higher figure 
should Jie taken into account. 

^ \Vhercver possible the weights of the stored material should be determined 
and designed for ; especially does this apply to such structures as tanks, reservoirs, 
silos, bunkers, etc., the primary object of which is. storage. Weights of some 
of the materials more commonly stored in concrete containers are given on 
Table No. 3. Where the material is floating in water the loads and pressures 
due to the head of water are the maximum forces for which the structure 
should be designed. When a granular material is heavier than water and 
completely immersed, the load carried by the bottom of the container is the 
sum of the weight of the dry material measured in bulk, the weight of 
water filling the voids, and the weight of water, if any, above the top of the 
material. 

Where containers may have to hold a heavy material in either a dry or wet 
state, the maximum load would be when the material is fully saturated. For 
example, coal-draining bunkers should be calculated for the loads due to the 
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contained coaj ard ;^ater. A solid block of coal may have a specific gravity of 
about 1*3 and coal in lumps a specific gravity of approximately 07. Hence coal 
in water has a specific' gravity of i*i6 ; that is, the combined weight of one 
cubic foot of coal and water is 72^ lb. 

The horizontal pressure due to liquids, earth, and other contained materials 
is discussed in the next Chapter. 


4. — Wind Pressure. 

The magnitude of the wind pressure on a structure depends on the i^)sition 
and height of the structure. For a comparatively sheltered structure in Britain 
a pressure of 15 lb. per square foot on the upper two-thirds of the structure is 
adequate, but some authorities recommend that each panel ot walling should be 
designed for a pressure of 25 lb. per square foot acting from eilher si'le of the 
panel, h'or exposed structures less than 80 ft. in height, the wind pressure 
should be taken as 25 lb. per square foot on the wliole structure andtjo lb. per 
square foot on panels. For exposed structures over 80 ft. in height a pressure 
of 40 lb. per square foot should be taken on the upper part. These pressures 
arc given on Table No. 4. 

When special structures are to be built in exposed positions wliere the 
probable wind velocities are known from records, it is preferable to design for 
the pressures calculated from the maximum vch)city. The pressure V)f the 
wind varies as the square of the velorit}^ and various fornuilie liave been 
derived by different investigators. Amongst the best known results are the 
following : 

Stanton P = - 0-0027 to 0-0032 

Dines P ~ 0-003 

Fronde P = 0-0037 V'^ 

where P ~ pressure in lb. per square foot, 

V --- velocity in miles per hour. 

For general purposes a value of P = 0-003 seems a reliable mean, and 
pressures calculated in accordance therewith are given on Table No. 4 for various 
strengths of wind. For a steady wind of a hundred miles per hour, ms occurs 
at rare intervals, the pressure would be 30 lb. per sq» "irc foot but the impaled 
from gusts of high wind may exert greater pressures. Thus for tall structures 
subject to the full force of’ the wind a pressure of 40 lb. per square foot of the 
total area seems to be a suitable value well on the safe side even allowing for 
suction on the leeward side for small areas of such structures or for high and 
narrow exposed towers. 

The principal factor in the design of chimneys is wind pressure, and every 
problem of isolated exposed stacks should be considered carefully to avoid an 
unduly high assessment of this factor leading to wasteful design. Where records 
of winds in the locality of the site arc available an estimate of possible wind 
pressures can be made. Due account should be taken of the susceptibility to 
gust impacts on the comparatively thin stalk, and the following pressures should 
be considered as absolute minimum \'alues allowing for pressure on the windward 
side and suction on the leeward side and for impact : 
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For length of stack between tops of adjacent ^ t 

buildings and 8o ft. from ground levels . 25 lb. per square foot 

For length of stack above 80 ft. from ground / 40 lb. per square foot 

These values are less than those usually considered in the design of brick 
chimneys, but the margin of safety is greater for concrete structures than for 
brickwork or masonry. 

For circular chimneys these pressures can be reduced by 40 per cent, to 
15 lb. and 24 lb. respectively owing to the relieving effect of the curved surface. 
'Hiis reduction would also apply to the pressure on circular tanks of water-towers 
if the diameter is 20 ft. or less. For larger diameters and for tanks polygonal 
in -plan less reduction should be made. A reduction of 33 J per cent, can be taken 
wlien the wind blows normally to a diagonal of a square tower. 

'yic values of wind pressures on steel bridges are covered by the British 
Standard Specification, and for concrete bridges not designed to this specification 
a similar consideration should be applicable. Thus the values of the wind 
pressure ij accordance with good practice could be as follows : 

Unloaded bridge : 40 lb. per square foot 
I.oaded bridge : 20 lb. per square foot 

These values arc slightly lower than those given by the B.S.S. and apply 
])er Sfpiare foot of exposed surface, which for a loaded bridge includes the vertical 
area of the structure and any portions of the load projecting above the parapet. 

.For an unloaded bridge where the width between the parapets exceeds twice the 
combined depths of the parapet and outer girder, the exposed area should be 
calculated as twice the area of the parapet and outer girder. If the width is 
less than this the exposed area should be reckoned as three-quarters of the value 
for a wide bridge. 


5. — Moving Loads. 

On Table No. 2 are illustrated standard trains of loads for the design of 
road bridges. Both the Ministry of Transport Loading and that specified by 
the British Standards Institution arc given with self-explanatory notes. It 
should be observed that the Ministry of Transport loading includes for an impact 
allowiyicc* of 50 per cent., but the B.S.S. loading is subject to an increase due 
totimpact (see Paragraph 6). Most main road bridges in this country are designed 
for the Ministry of Transport loading, and for such m^jor structures as do not 
come under the Ministry's jurisdiction either of the j;)rcscribed loadings should 
be sufficient. To simplify calculations, the Ministry of Transport has issued a 
memorandum, reproduced in Fig. i, which indicates uniformly distributed loads 
that can be taken as equivalent to the specified point loads. 

In addition to this loading, or where such loading would be out of all propor- 
tion to the requirements of the traffic using the bridge (having due regard to 
future developments), consideration should be given to the loading from normal 
and special types of vehicles using the structure. The effect of the occasional 
passage of team rollers, lorries conveying boilers or heavy machinery, etc., 
should be studied, and in the case of railway bridges allowance should be 
made for the rolling loads indicated on the diagrams, supplied by the railway 
company. 



STANDARD LOAD FOR HIGHWAY BRIDGES 

EQUIVALENT LOADING CURVE. 
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The wheel loads (without impact allowance) and othef dAt% for various 
types of road vehicles, including lorries, steam wagons, rollers* buses, etc., and 
tiie Ministry of Transport limiting axle loads for buses afld lorries, are given on 
Table No. 2, and on Table No. 3 some weights of rail vehicles are given. It 
will be appreciated that wheel loads and dimensions of road and rail vehicles 
and cranes vary with different types and manufacturers, and any data specified 
in the tables are an indication of magnitude rather than of precise values. 

The raised footpaths of road bridges should be designed for crowding and 
for the occasional mounting of a vehicle upon the pavement. A load of to 
I cwt. per square foot is sufficient to allow for pedestrian traffic, and a single 
wheel load of 3 or 5 tons including impact should be adequate for accidental 
loading. If there is any possibility of the footpath being converted into a road- 
way in the future, the pavement slab and supporting beams should be designed 
for th? same loads as the primary roadway. 

A rolling load commonly met with in reinforced concrete structures is that 
from overht'ad cranes. On Table No. 3 arc listed the maximum wheel loads 
that have ^o be carried by the crane rail beam for travelling overhead cranes 
of normal design. To allow for vibration and impact the maximum wffieel load 
should be augmented by 25 per cent, of the total weight of the crane and its load. 
P)raking induces a longitudinal thrust in the railbeam, and the magnitude of 
this thriKd can be taken as 20 per cent, of the wheel loads. The traversing of 
the crab subjects the railbeam to a transverse horizontal thrust equal to about 
JO per cent, of the total weight of the crane. 

Jib cianes running on rails produce loading problems of their own which 
nijiy be solved from the particulars applicable to the particular machine. The 
dynamic effects on the wheel loads of lifting, discharging, slewing, etc., need 
consideration. 'I'lie maximum wheel load would occur when, at the same time, 
tlie jib is oblique to the track w'itli the line of the jib vertically over one of the 
wheels, when the crane is travelling, lilting the load, and a wind is blowing. Such 
severe conditions rarely occur simultaneously and therefore the maximum wheel 
load can be considered as occurring when the crane is stationary with the line 
of the jib over one wheel and the jib slewing with load. The variations of wheel 
loading for a 3-ton steam crane under various conditions are given on Table No. 3. 

6. Modification to Loading. 

Under certain conditions the standard loadings .specified can be reduced 
and in others they must be augmented. For example, in the case of buildings 
that arc not warehouses or stores and that have more than two floors, for the 
purj)ose of calculating the maximum loads on the columns the live loads can 
be reduced in accordance with the following rules : 

(1) Consider the roof and top floor as fully loaded ; reduce the load on 
the second floor from the top by 10 per cent., the third floor by 20 per cent., 
and so on in lo-per cent, increments down to the sixth floor from the top, where 
the load is reduced by 50 per cent. ; the design load on all floors from the sixth 
downwards can also be reduced by 50 per cent. 

(2) Where any floor in a building not of the warehouse class exceeds say 
300 .sq. ft. in area, the live load on the main beams can be reduced by 25 per 
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cent. Tliis i^dwctjon can also be made in the calculation of the column loading 
if the rule for multi-floor buildings has not been applied. 

(3) I'or floors suBject to vibration from such causes as dancing, drilling, 
etc., a live load of 100 lb. per square foot is adequate to allow for the static live 
load plus the dynamic effect. For structural members subjected to incessant 
vibration due to machinery, etc., it is usual to make an allowance by reducing 
the working strcs.ses in the steel and concrete by 15 per cent, to 20 per cent., or 
by increasing the total dead and live load by this amount. The advantage of 
the latter method is that standard stresses are worked to and thus standard 
tables and curves are applicable. 

(4) The impact effect of rolling loads is usually allowed for by increasing 

the static load by 10 per cent, to 75 per cent. The Ministry of Transport loading 
allows for 50 per cent, increase, but for more general cases the allowance should 
be decided after consideration of the type of vehicle, the nature (T the ft)ad or 
rail surface, the type of wheel (whether rubber or steel-tyred), and the speed 
and frequency of crossing the structure. An allowance of 25 per cent, is sufficient 
for road bridges if the maximum load for which the structure is designed occurs 
infrequently, and such an allowance is sufficient for electric crane loads. Road 
structures not designed for the maximum loads that arc common in any district 
should be protected by a permanent notification of the maximum loads permitted 
to use the structure, and a limitation in both weight and speed should lx> enforced 
on all concrete bridges during the first few months after completion of \he con- 
crete work. For concrete bridges over roads or railways a speed limitation 
.should be enforced on all traffic passing under the bridge during the period of 
con.struction and for a few weeks afterwards. ^ 

The British Standard .Specification for girder bridges g^ves the following 
comprehensive formula for calculating the impact allowance : 


/ 


90 + 


80 

2 


where / ^ ^ inijm't factor 

L ' the loaded length in feet of the track or tracks producing 
the maximum stress in the girder or member considered. 
n ~ the number of lines of rolling load traffic which tha girder 
or member is designed to support or assist in supportTng. 

The formula in this«form applies to road bridges onl}^ and for railway bridges 
the impact allowance should be 50 per cent, greater. Values of I for road bridges 
and for various values of n and L are given on Table No. 4. The* maximum 
value of I can be taken as 070 for road bridges end 1*15 for railway bridges. 


7. — Dispersion of Point Loads. 

Although specified as a point load, a wheel load is considered as bearing 
on a definite area of the road surface and is then further dispersed over an area 
dependent on the combined thickness of the road surfacing, filling, and concrete 
slab. Upon this latter area is based the estimation of the breadth of slab that 
assists in carrying the wheel load. 
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The width of the contact area of the wheel on the slab is^qflal^to the width 
of the tyre, which can be taken as i ft. 6 in. for the heaviest loaded wheels of 
the tractor in the standard loadings, and 9 in. for the trailer wheels. For other 
vehicles a minimum of 6 in. is usually taken. The length of the contact area 
depends on the type of tyre and the nature of the road surface, and would 
be zero for iron tyres on a steel-plate or concrete surface. The maximum 
contact would probably be obtained with an iron wheel on loose metalling or a 
pneumatic tyre on a tar-macadam surface. A maximum figure of 12 in. is 
suggested. 

I'hQ further dispersal of the load through the total thickness of the road 
formation and concrete slab is usually considered as acting at an angle of 45 deg. 
from the edge of the contact area to the centre of the bottom reinforcement, 
as is sljown in the diagram on Table No. 4. If “ a ** equals the length or breadth 
of the contact area and D equals the depth from the road surface to the centre 
of llie reinforcement, the corresponding length or breadth of the dispersal plane 
is eiven bv 

A = a 2D 

Mr. W. L. Scott, in his treatment of the wheel loads in accordance with 
Pigeaud’s theory, employs the expression 


• where H = slab thickness and d -=^ thickness of metalling. 

This formula gives smaller values than the 45-deg. expression. 

In the case of a pair of wheel loads on two rails, if the latter are carried 
oiP sleepers the load in any positioji can be considered as distributed longitudinally 
o\ er two effective sleepers and transversely over the length of a sleeper. The 
dispersal is then taken at 45 deg. through the ballast and decking, as indicated 
on Table No. 4. When a rail bears directly on a concrete beam the longi- 
tudinal dispersion of the load can be taken at from 4 to 6 times the depth of 
11 le rail. 

When the concrete slab spans between longitudinal beams, the span of 
the slab being less than half the span of the beams (as in normal slab and beam 
bridge construction), authorities differ concerning what width of slab S should 
be con^idefed as clfcctive in supporting a point load and transmitting this to 
thc»beams. All authorities allow dispersion as described to be taken down to 
the steel, and the most conservative present-day practige is to consider 5 equal 
to A. United States practice is to disperse the load'Tiorizontally at an angle 


the tangent of which is — that is, S — 0-67 (L — B) + A (as indicated on Table 

No. 4). Mr. E. A. Scott advocates an expression of the form S = — + A, 

4 

and Mr. W. L. Scott considers the moment in the slab directly by the Pigeaud 
method, without computing the equivalent width of slab ; this method is further 
discussed for uniform loads in Chapter IV, and is the basis of the Ministry of 
Transport's stipulation for the amount of distribution steel given in Fig, i. 
Sir E. 0 . Williams has given as an approximate formula S = o- 6 yL + 6 in. 
with a maximum value of 7 feet. These various formulae give rather differing 
results, and, when applied to a wheel contact area of 12 in. by 9 in., an effective 
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depth D . ^4 ‘and a span of slab L = 7 ft., the various values of S are as 
follows : • 

5 

Minimum width . . . . . . 3 ft. i in. 

E. A. Scott 4 ft. 10 in. 

Sir E. O. Williams 5 ft. 2 in. 

United States 5 ft. 6 in. 

h'or general purposes, the United States method gives economical rosuits 
and is secure if ample longitudinal steel, say one-half of the area of princi])al 
transver.se reinforcement, is provided. 



CHAPTER III 


irOKTZONTAL PRESSURE DUE TO EARTH AND CON1A1NIH) 
. ‘ MATERIALS 


1. -Liquids and Granular Materials. 

• 

Tmc calculation of the exact value of the horizontal pressure exerted by con- 
tained materials on the walls of the container is an uncertain operation except 
wlieii tlie n^teiial is a liquid. In tlic latter ease the intensity of pressure [p) 
is e(|nal to the int(‘nsity of vertical pressure at any dej)th [h) from the free surface 
ot the liquid, and is given by the simple hydrostatic expression: 

p zch (i) 

where zu • unit weight of the liquid. 'J'Ik* units of and h determine those of 
/), that >s, with ze' in lb. ju'r dibic foot and h in feet, would be in lb. per square 
fr)()t. 

Wdien the contained material is a semi-fluid and granular in form, for 
ex.fm])l(‘, dry sand, grain, small coal, etc., the value of the intensity of pressure 
normal to the back of the wall, w'ould be* less than that given (r) and would 
be in acrordanc(; with the general expression ; 


p - ku'h . . . . . • (-) 

where k is a factor de])eiiding on the fluidity, varying from unity for perfect 
fluids to zero for materials that will stand with a vertical face. The actual 
value of k depends on the physical characteristics, water content, and angle 
of repose of the earth, grain, or otlier contained material, and also on the 
angle of thft slope of the back of the wall, on the material of which the wall 
is n^ade, and on the amount of super load or surcharge on the contained 
material. , 

The value of k can be determined eitJier graphically or by calculations that 
are usually phased on the wedge theoi'ies or the develo])inents of Rankine and 
Cain. If the total pressure normal to the back uf a wall of height // as shown 
in 2 equals the value of P is given by 


P 


Kwll^ 

2 


( 3 ) 


where 

- r sm(/}-0) 1* cos fi 


[_(« + i) sin ■ sin (y, + (i) 

m 

in which 

„ _ /sin (0 -j- y) sin (0 - 


V sin (^ + P) sin (P — 4) 


17 
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Referring fa fig. 2 the notation is as follows : 

0 — angle of ^repose* of the material. 

// = angle of friction between the wall and the contained material. 
<f> “ angle of surcharge of the surface of the material. 

= angle between wall and horizontal. 

The total pressure on the back of the wall is given by 


Pi 


P 

cos 


(5) 


and the line of application of makes an angle of (90 deg. — fi) with the back 
of tlie wall. The corresponding force parallel to the wall is 

F Pi sin /I = P tan ju .... (6) 



(o) WALL INCLINED 
OUTWARDS , 


(b) VERTICAL 
WALL. 


(c) WALL INCLINED 
INWARDS . 


Fig. 2. Pressure behind Walls. 


Iliesc general fonniike ran Ix) modified to suit tlie various conditions met 
witli in jiractice, when usually the friction between the w^all and the material is 
neglected. Tliis modification results in a higher normal pressure and is therefore 
on tlie safe side. It is advocated tliat for general cases th'' effect of friction 
should be neglected, and imperatively so in all cases where tlie material in contact 
w'ith the wall can liecome saturated and thus reduce the friction practically to 
zero or to an uncertain figure. Only in the cases where dry coal, dryland, grain, 
cement, or other materials of well-known ])roperties, are being stored, should 
friction be accounted as relieving the w^all of pressure. 

When friction is neglected (i.e. zero) the previous formula reduces to 

sm (p - O) 


I 


where 


I 

(« -| i)sin^'J ’sin/i 
- / sin 0 sin (O — (h) 

V sin-^in {/r=4) 

Pi - P and i"-- o . 


(4fl) 


and 


(5a) and (6a) 
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For sloping walls the pressures are determined by substiKitftig^the known 
factors in either formula (4) or (4a) depending on Whcthg: friction is included 
or not. 


2.— Vertical Walls. 


Generally in the case of earth-retaining walls and bunker walls the wall 
is vertical and the introduction of p 90 deg. into formula (^a) in which friction 
is neglected results in the expressions (7), (8), (9), and (10) which give the factors 
for determining the intensity of horizontal pressure at any depth h for the limiting 
conditions of maximum positive surcharge (<f> 0 ), level fill (<f> = zero), and 

maximum negative surcharge = — 0), and for tlie general condition of any 
surcharge <f). 

Vesical Wall, Friction Neglected : 


Maximum positive surcharge 

/v’l - cos 20 

Level fil) 

7 _ I — sin 0 
i'+~sin:0 

Maximum negative surcharge 

i i._f — 

• LI + V'Z . sin Oj 

Any surcharge 




where 


— Vsin 20 i tan ^ sin 20 


(7) 

( 8 ) 

(9) 

(10) 


Values of A’l, /eg, and for various angles of repose (expressed in degrees 
and as gradients) are given in Table No. 5, together with the various soils, grains, 
coals, etc., that correspond to these angles. For ordinary earth retaining wall 
j)roblems with level till, the value of ^2 is usually taken as 0-27, and, considering 
the weight of earth as 100 lb. per cubic foot, the C()rrcs})ondiiig intensity of hori- 
zontal pressure is 27 lb. per square foot per foot of height. 

When friction between the contained material and the back of the wall is 
allowyed for, the formulas for the factors for determining the pressure intensity 
normal to a vertical wall are as follows : 


Vertical Wall, Friction Included : 
Maximum positive surcharge 
= cos 20 

Level fill 



where n = Vsin 0 (siii 0 + cos 0 tan /li) 

Maximum negative surcharge 


_ r c os 0 “j 2 

\jty/ 2 + I J 
where n is as in (8a). 


(7) 

(8«) 


. ( 9 «) 
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Any sutcl^iiTge 


\_n + 




. (loa) 


where 


n = / sin (0 + ^)sin (0 - <^ ) 
'v cos fjb . cos 0 


Generally accepted values of //, 0, and iv for such dry materials as finely- 
ground cement, coal, grain, sand, and ashes are given on Table No. 5, and for these 
materials tlic values of K^, K^, and (— kiW, etc.) are tabulated, having been 
calculated in accordance with formulae (7), (8a) and (9a). From these values 
of K can be computed the intensity of horizontal pressure : p = KJi* Jf H is 

' * H 

the total height of the wall, the total horizontal pressure is given by P — 
and the total thrust on the wall acting at an angle of // to the horiz(jntal*is given 
by 

COS 

3. -Surcharge. * 


As will be seen from the tabulated values of the pressure factors, the amount 
of surcharge of the surface of the tilling behind the wall has a marked effect on 
the magnitude of the pressure. For all practical purposes any alteration of 
the i)r()file of the fill beyond the point B, Fig. 3(a), or any additional loading 
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beyond this point, has little or no effect upon the pressure •os^tlTe wall. The 
general formula takes account of the surcharge due tl) any f^ll profile lying between 
the limits DB and DBi, 

When the surface of the filling is not uniformly sloped, special treatment 
is required. In the common cases depicted in Figs. 3(/;) and 3(c) the magnitude 
of the pressure on the wall is somewhere between that due to level fill and maximum 
positive natural surcharge. On Table No. 5 empirical expressions are suggested 
that allow for the increase of pressure due to these types of intermediate sur- 
charges. The total pressure on the wall is augmented above that for a level 
fill by an amount proportional to the mean increase in head of material. Such 
surcharges give zero pressure at the top of the wall, and the centre of total pressure 
will be at one-third of the total height. 

W^ien the fill behind a wall is level but liable to subjection to self-retaining 
superloads, such as stacked materials, traffic, or buildings, the total supcrload 
should be converted into an equivalent head of the same material as that retained 
by the wall^and the pressure intensity on the back of tlie wall augmented uniformly 
tliroughout the depth of the wall. 'J'hus there will be a definite intensity of 
pressure at the top of the wall ; these conditions are illustrated in Fig. 3(^^) 
and indicated on Table No. 5. 

A t}’pe of surcharge not covered by the foregoing observations and formulnc 
is that sh|wn in Fig. 3(c). In this case (he angle of surcharge exceeds the natural 
angle ofttx'pose, as may occur by artificially protecting a bank of earth by turfing 
stone jiitching. b'^or .such a case it has been suggested that the weight of 
earth W above tlie angle of repose, represented by the triangle BCD, should be 
considered as a point load operating at the to]) of the wall. 1'he magnitude of 
the' re.sultant hori/^intal thrust T and increase in pressure w'ould be as shown in 
Fig. 3(c), and each .section of the wall should be designed for the extra moment 
due to T. 

A single point supcrload on the filling behind a wall prc.sents a problem in 
di.spersion, and, con.sidering 45 deg. as a reasonable angle of dispersion, the 
j)re.ssure intensity additional to the prc.ssure due to the filling alone is indicated 
in Fig. 4, from a study of which the method of arriving at the final result shoukl 
be clear. 


4. — Experimental Data. 

• 

In general practice in Hritain, earth pressures arc determined by the purely 
theoretical .formuhT of Raiikine, Cain, and Coulomb. Many investigators, 
working with a sand filling, have experimented on model walls in order to deter- 
mine what relation actual pressures bi'ar to the theoretical pressures. The 
unanimous conclusion is that the Rankine formula gives too great a value for 
the pressure exerted, and thus retaining walls designed on this formula err on 
the side of safety. The theoretical deduction assumes that the angle of internal 
friction and the surface angle of repose are identical, whereas Crosthwaite and 
other investigators have found that the friction angle is less than the angle of 
repose and depends on the consolidation of the material. The ratio between 
the internal friction angle and the natural angle is approximately 0*9 to i accord- 
ing to experiments carried out at the University of Cincinnati. 
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For levef tlic liorizonlal pressure given by Coulomb's formula (a special 
case of tlic general formula)' in the form 

p wh . tan2^45'' — This is formula No. 8 in another form and agrees 

very closely with actual pressures if the angle of internal friction is substituted 
for the natural angle of repose. The maximum pressure seems to occur immedi- 
ately after back-filling has been completed, and the pressure decreases as 
settling proceeds. 

The measured vertical component of the pressure on the back of tlie wall 
appears to conform to the tlieoretical relationsliip E - - Ptan/^ where P -- - 
horizontal pressure and /i is the independently determined angle of friction 



between the wall and tilling, A rise in tempei ature prodia es measurable increases 
in pressure, the increase being of the order of i per cent, j^er lo deg. F. « 
The point of application of the resultant thrust on walls witli level fills 

•s to be at the theoretical height of ^for shallow fills, and accord- 

3 


appears 


ing to the Cincinnati tests rises with time and with increased depth of till. 
According to the Feld-Moncrieff investigations the heigl t of application is at 
the third-point for negative surcharge and level tills, but rises with increase of 
angle of surcharge. 


Some investigators report that superloading beyond the plane of rupture 
increases the pressure on tlie wall, and others come to the conclusion that loads 
outside the wedge ordinarily considered can be neglected. The increase of 
pressure due to incidental superloading remains after the load is removed. For 
walls surcharged by the slope of eartk behind them the wedge theory seems 
to give results almost 30 per cent, in excess of measured values. 
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Mr. Bell has shown that Rankine’s formula is inadmissible^for pressures due 
to clay, and gives the following expression for thfe intensity of pressure at any 
depth h : 

p ' wh tan^^ “■ ~ 2 


wlicre the factors k and a have the following values : 

Very soft puddled clay : k — 450 lbs. per square foot a 


Soft puddled clay : 670 

Moderately firm clay : T120 „ 

* Stiff clay : 1570 ,, 

Very stiff boulder clay : 3600 ,, 


zero 

3 degrees. 
5 „ 

7 M 


Tie view has been put forward that the pressure behind a flexible wall 
adjusts itself as the wall deflects, and this adjustment is such as substantially 
to decrease the bending moments. The magnitude of the reduction is discussed 
in Cliaptcr.VII in the consideration of sheet pile walls. 


5 . Deep Containers. 

The jforegoing obscrwitions and formulrc for the pressures on walls of con- 
tainers^'efer only to retaining walls and shallow containers. In deep containers 



• fa) SHALLOW CONTAINER (b) DEEP CONTAINER 

Fig. 5,— Silos. 


such as tall grain silos, the arching effect of the contained material considerably 
reduces the liorizontal pressure, so that the principle that the pressure is pro- 
portional to depth of filling no lunger holds good, The limiting condition that 
determines wliether any particular container shall be considered as shallow 
or “ deep (that is, as a “ bunker " or evs a silo *') is that if the plane of rupture 
strikes the opposite wall before reaching the free surface, as in Fig, 5(6), the con- 
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I 

taincT can be tf«aled as “ deep.** If otherwise, as in Fig. ^(a), the container 
must be considered as shallow.** 

TJie theoretical minimum depth of a “ deep ** container is given by 

wliere I) is tlie least breadth of the container. 

For grain the least depth is theoretically approximately equal to ij times 
the breadth of the container, and for cement approximately equal to one-and- 
a-half times the breadth. During the emptying process the arching action on 
which pressure reduction depends is completely destroyed, and pressures 
appreciably in excess of the theoretically determined pressures are obtained. 
It would seem therefore that for absolute security no container tliat istiiot at 
least twice as deep as it is wide should be treated as a " silo.** 

The value and variation of value of the ])ressurc in silos is usually computed 
by either Janssen’s formula or Airy’s formula. The former gives res^ilts slightly 
less than the latter and in its general form is as follows : 


P ' ' r - i I 

tan n 


n) 


where 

p ' horizontal pressure in lb. per sipiare foot. 
w ■ wc'ight in lb. per cubic foot of material. 


/' 


A 


ratio of [)l<in area in ft. to poriuKder in It. of bin ^ 

I 

K tan /I .H 


angle of friedion between wall .ind mateiial 


N - the number whose common log. 
where 

K ratio of horizontal to vertical laessures 




H - depth of fdling in feet at j)oint considered. 

'Idle verti('al pressure (lb. square foot) on any horizontal section of the 
material is given by t 

« T/ P 


K 




'Idierefore the total pressure on any horizontal })lanc is , anrl the load 


transferred to the walls of the container by friction 


is (^uH 


^ )() lb. per foot 


run of wall. 

For granular materials such as grain and cement a value of K 0-5 is usually 
adopted, and a value of tan //, - 0-444. Fable No. 6 gives the magnitude of 

P " 

C ~ - for various values of Q and H, incorporating these values of K and tan //. 

‘ . D 

For circular, square, or regular polygonal containers, Q ~ where D 
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diameter or distance between opposite faces of the containec, g^wftlie following 
expressions apply for grain at 48 lb. per cubic foUt : 

N -- the number whose common log. == 

p = 2yD(i — lb. per square foot 

V = 2p lb. per square foot 
and tlie load carried by the walls at any depth H 

~ {12II — o-5p)D lb. per foot iiin. 

' From an inspection of the data on Table No. 6 it will be seen tliat tlie pressure 
increases very little below a deptli of three times the least width of the container. 
Tests fiavc indicated that the maximum pressures occur in silos during filling, 
and are somewhat greater for a bin filled rapidly than one filled slowly. 

6. - Passive Resistance. 

The whole of the foregoing remarks on the horizontal ))ressure exerted by 
contained or retained tilling concern the active pressures due to such tilling. 
If a horizontal pressure in excess of this active jire.ssnrc is applied to the vertical 
face of a retained bulk of granular material, the passive resistance of the material 
is broiKjfht into action. Up to a limit, determined by the characteristics of the 
particular material, the passive resistance will be equal to the applied pressure ; 
the maximum value the resistance can attain for a granular material with a level 
silrface is given theoretically by the reciprocal of tlie Rankine active pressure 
coeflicient, that i», 



wliere - maximum passive resistance at any depth 
w -s= weight per cubic foot of material. 

0 =-- angle of repose. 

=z coefficient as given on Table No. 5. 

H is not easy to assess a practicable working value for the passive resistance 
wlffcn the surface of the material is other than level, and it is advisable never to 
assume a value exceeding the value given, and to use di^^pretion when the surface 
has a negative surcharge in which case the passive resistance may be very small. 

The passive resistance of earth has to be taken into account when considering 
the resistance to sliding in retaining wall design, when dealing with the forces 
acting on sheet piling, and when designing earth anchorages, but in these cases 
careful consideration must be given to those factors that may reduce the probable 
passive resistance to a value approaching more nearly the active pressure. The 
chief of these factors is wetness. Abnormal dryness may cause clayey soils to 
shrink away from the surface of the structure, thus necessitating a small but most 
undesirable movement of the structure before thi^ passive resistance is brought 
into play. 



CHAPTER IV 


BENDING MOMENT AND SHEARING FORCE 

1. — Moment, Shear, and Deflection. 

The moment at any section in a member subject to flexure is defined as the 
algebraic sum of the moments of all loads and reactions to the left (or right) 
of the section considered, and the shear force at any section is the algebraic 
sum of all the loads and reactions to the left (or right) of the section. The shear 
force at any section can thus be expressed as the rate of change of bending moment 
at the section ; expressed mathematically, bending moment is the first integral 
of shear, which in turn is the first integral of the load. It follows from the 
definition of shear that the point of zero shear is the point of maximum bending 
moment. 

From considerations of the theory of elastic flexural deformakons it is 
showm that the rate of change of the slope at any point in a beam is expressed 
M 

by the value of the ^ factor for that point, where M -- bending moment, 

I = moment of inertia, and E ^ elastic modulus, all factors relating to the 

' M 

point under consideration. Ihiis slope is the first integral of and the first 

integral of the expression for the slope at any point in the beam represents the 
expression for the elastic deflection. 

2. — Cantilevers and Single -Span Beams. 

For a cantilever or for a single-span beam simply supported (that is without 
restraint) at its two extremities, the practical interpretation of the f6regoing 
mathematical definition of bending moment and shear force at any section is a 
simple matter. On Table No, 7 are tabulated the maximum bending moments 
and end shears (that is, reactions on the sui)ports) produced by various commonly 
occurring loads carried on cantilevers and single-s})an freely-supported beams. 

A beam with one end fixed and one end freely supported can be considered 
as a cantilever subject to two distinct systems of loading : 

(i) the imposed load 

(ii) a point load (the reaction on the prop) 

the magnitude of which is such as would give the same end deflection upwards 
on a cantilever as the downward deflection produced by the imposed load. For 
the loaded cantilevers tabulated on Table No. 7 the maximum deflection co- 
efficients are given, as are also the moments and reactions produced by similar 
loads on single-span beams fixed at one end and simply supported at the other. 

26 
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For cases of loading other than those tabulated the deflcciiops •can be found 
from the following expressions : • ^ 


Type of Load. 

(a) Point load at aL from sup- 
port : 


End Deflection of Cantilever, 
multiply coefficient by 

^(3 - a) 

6 


{h) Point load at end of cantilever : 

(c) Uniformly distributed load ; 
loaded length = bL ; load 
starts at point aL from 
support (see diagram on 
Table No. 7) : 

(^/) Uniformly distributed load 
tliroughout span 

{e) Triangularly distributed load 
decreasing from maximum 
f at support to zero at a 

point aL from support 

(/) Ditto when aL L 

(g) Triangularly distributed load 

decreasing from maximum 
at free end to zero at a point 
aL from su})port 

[h) Ditto when aL equals zero 

(;) Triangularly distributed load 

• with apex at centre of span 

[k) Parabolic load symmetrical on 
span 

The values of E and I that should 
be adopted are discussed in Chapters V 
and IX, but when comparative deflections 
are required the exact numerical values 
of these factors do not enter into the 
calculation. The method of applying these 
deflection formula is- illustrated in the 
following example. 

To find tlie reaction in the prop at C 
and the bending moment at A for a bjcam 
loaded as shown in Fig. 6. 


3 

A + B{i - « + ft) 

where A I- 

24 

-h rzab^ 1- 3ft'* 



• A B 


Fig. 6. -Propped Cantilever. 
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The cxp?es^();i (a) given on page 27 is applicable for determining the end 
deflection of a lo-ft. cantilever supporting a load placed 7 ft. from the support, 
7 

tliat IS, a -- - - r - 07 
10 ' 




072(3 „ 07 )fFL 3 

'6EI 


o-iss^r- 


From No. 7 or from (^) the deflection at the end of a cantilever sub- 
jected to a point load E located at its extremity is given by -t/t, and since this 
deflection must equal cl 


WIJ Ki:^ 


o*i88-7,-~ == 


zEr 


therefore R ^ o-i88 x 3IF 0-5641^ 


hence R ^ 5-64 tons, which is the reaction on the pn^p 
'riic bending moment at A will be the algebraic sum of tlie niomenK of 
R and \V about Ay or 

M (5-64 X 10) — (10 X 7) - 13*6 foot-tons. 

The bending moment diagram for an encasire Ix'am, that is, one (ixed at both 
ends, is derived from the prineipk' that the area of the bending moment diagram 


SHtAR DIA6RAM 


MOMENT DIA6RAM 




CANTILEVER 
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due to the same imposed load on a freely-supported beam Qf ^qifal span (the 
“ free-moment ** diagram) is equal to the area of thfe restraint moment diagram ; 
tlie centroids of the two diagrams should be vertically one above the other. The 
sliape of the free-moment diagram depends upon the characteristics of the imposed 
load, but the restraint-moment diagram is a trapezium. For loads symmetrically 
disposed on the beam the centroid of the free-moment diagram will be above 
the mid-point of the span, and thus the restraint-moment diagram will be a 
rectangle, giving at each support identical resiraint moments each equal to the 
mean height of the free B.M. diagram. Typical bending moment and shear 
force diagrams for cantilevers, propped cantilevers, freely-supported beams, 
and cncastrc beams are illustrated in Fig. 7. 

The shear force diagram for a beam with one or both ends fixed can be 
(lerivec^ from consideration of the variation in bending moment. The slicar 
due to the restraint moment alone is constant throughout the length of the 
])eam, and equals the difference between the two end moments divided by the 
span. Tlii^^ shear should be algebraically added to the shear due to the imposed 
load, the latter shear being determined as if the beam were simply supported ; 
that is the resultant reactions at either sup])ort will be the sum or difference 
of the restraint-moment shear and the free-moment shear. 

With a symmetrically loaded beam with both ends fixed, the restraint 
moments at each end being the same, the shear due to these moments considered 
alone i^zero ; therefore the resultant shear force variation is identical with that 
lor the same beam freely suj)ported, and the end reactions arc both equal to 
half the total load on tfie beam. The reactions and maximum moments in 
('nrastre beams carrying ordinaiy types of loading arc given on Table No. 7. 

• 

3 . - Theoretical Consideration of Continuous Beams. 

The bending moment in a beam continuous over two or more spans is ordin- 
arily calculated by the Three Moment Theorem (or can be derived from the 
general formula' for members subject to flexure given in the following Chapter). 
In its gencTal form, ('lapeyron’s Theorem of Three Moments for any two succes- 
si\'(; conlii\^ious spans is e\[)re.ssed by 



where, referring to Fig. 8, 


il/ j, Mji, and = bending moments at supports A, B, and C. 

T I and 1 2 ' moment of inertia of s])ans and Tg respectively. 
dji, and d^. dcficction of each support from original position of 
beam. 

A 1 and A g area of free moment diagrams for loads on span 
Li and^Lg respectively. 

and Zg = position of centroid oi A ^ and respectively. 
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comes 


For thc^ consideration of level supports this general expression be- 


+ t;) + = - "Kr! + - 


I zL 2 

If tlie moment of inertia of the beam throughout the two spans is assumed 
to be constant, the formula reduces to 
-f- L 2 ) + MqL2 

- V - + -■^.7=^^] 

and witli level supports and constant moment of inertia (the conditions usually 
approximated to in normal design) the 'lliree Moment Theorem becomes 


I 7.2) d- M(jL 2 




A Z 2 


L. 


0 



If the load is uniformly distributed and ecjual throughout the two spans 
considered, and assuming 1 c\t 1 suppoits and constant moment of inertia, the 
following formula applies : 

ti) 

+ 2M«(Ai -1- L,) -1- McI. - - + W) 

4 

where w -- load per foot run of beam. 
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Tlie shear force variation can be determined by first considfiring each span 
as freely supported and algebraically adding the* rate of change of restraint 
moment for the span considered. For example, if Wi is the total load on span 


W,(L^ - zo) 


AB, the “ free beam " shear at A is — —} — and at B is -- where 

L.I Li 

Zq distance from A to centre of gravity of the load. The restraint moment 


shear is constant throughout the span and equals j 

shear at A is given by 


The resultant 


and at B \s Vj^ — 


W,(L, - z,) 

L I ' L I 

£1 


When the known factors relative to load, s])an, moment of inertia, and 
relative levels of the supports are substituted in the appropriate general moment 



Fig. 9. Continuous Beam Example. 


formula, an expression for three unknown moments is cjbttiined for any pair of 
spans. ^ That is, for 71 spans, n -- i equations can be obtained containing w + I 
unlftiowns (the moments at n [- i su})ports). The two excess unknowns repre- 
sent the moments at the end supports, and if these moments are known or can 
be assumed the moments at the intermediate siipf)orts can be determined. Thus 
for a frcely«-supported end the moment woukl be zero, and the unknown repre- 
senting the moment at a free support would automatically disappear. For a 
perfectly fixed end the moments can be determined if an additional span is con- 
sidered continuous at the fixed end. This additional span should be identical 
in length, loading, etc., with the original end span except that the loading is 
so arranged as to produce symmetry about the original end support with the 
loading on the original end span. The moment at the new end support should 
be considered equal to that at the original penultimate support, and thus an 
additional equation is obtained without introducing a further unknown. 

A numerical example will illustrate the application of the 'Jhree Moment 
Theorem in determining the support moments for the beam system indicated in 
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(j. Assuin^i^lcvel supports, the appropriate fonuula for spans AB and BC is 

=. - [^; + w 

and for spans BC and CD, 

"■?; + -"■(n ■* rl) + " - [it + "'‘fe 

1' .1 / fE 

ror span ylB, - — r ^ 0 002 5 ( . 

' /i 4000 \^ms.'‘ 

21 1 1“ 1000 X io“ 


/•i 24 

8 

15 


24 

I 'l " ^ 15 


■ 4,170 ft. 11 ). 


T ^ 

I- I-i', thus -- X 0-0025 - = 0 - 00153 . 


Ileiico 




.■lias = .|i7o X 0-00133 5-55. 

1 1/-1 


l-'or snail BC, -- r^"’ ^ 0-0025 

1 2 hooo 

21 ^ 


y . “ (from Table No. 15) 


1500 '< 152 


28,125 ft. 11 ). 


Z2 /.J /-s — 

h ' - 2 /., ' ^ 12 


; 0-5 X 0-0025 0 - 00125 . 


lionet- 


A2Z2 A 2 ( 1 ., .%) 


For sjiaii Cl), 


IJ.2 

r., 12 


I3 .5<'oo 
2 I :i Wj.-j- 1200 X 12 - 

1.3 -4 2.1 

1.3 


jj 28,125 - ' 0-00125 35 -i.oh. 

- 0-()()24 


7,ju(> ft. II). 


iS 


^ Li\ tlius '< ()*()()24 o-ooijtS. 

15 Fi ^5 


-) 


Hence 


/../wn 


7,200 X 0 - 00 I 2 S - p- 2 r. 


If the l)('ani is .siiii])ly supporttsl at A and />, 3 / ^ zero, and siil)- 

stitiitiiig known values in (i) and (2), we obtain • 

2.'\/^,(o-()o25 1 0-0025) - 1 - o-oo25.1C.< - - ( 5 *:) 5 -1 • • ( 3 ) 

()-oo25.U/, I 2.’l/(, (0-0025 I 0-0024) - (35-ib [ 9*21)0 . . (4) 

Thus 

o*oi()o 3 /y^ I o-()()25A/,. -2 14 

0*00253/^ 1 o-oo98.U^, — 2 t)t> ..... 

Multiplying (6) by . 4 


- (.5) 

- (b) 


O’OiooMj^ t o-o392A/(^. 1064 


• (7) 
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Subtracting (5) from (7) ^ ^ 

o — 820 ’ , 

Hence — 22,400 ft. lb. 

By substituting in (5) 

o oiooMg = — 244 — 55 — 189 

Hence Mj^ -= — 18,900 ft lb 

When the negative (or positive) suppoit moments ha\( been calculated, the 
diagram of the continuity moments is combined with the diagram of “ ficc 
moments and the resulting bending moments on the beam system are obtained 
1 he value of tlic bending moments at the support and in tlie spans depends upon 
the incidence of live loading, and gem rall^ foi equal spans 01 with spans ajqnuM- 
the disposition of bve loading given in 7 gi\cs the maximum 

, M ,.. jW i nT i THBni i | — 

6 

(p) &.M. IN 5PAN A B . 


.pi ^ iii yiwniHnin™»inn»vm^ -L 

^ "A. “ » 

NCSAT#i/i B-NJ-W Sm«^PORT A 

, bwHlni to‘ Produce .Maximum Moments. 




positive bending momen^jjjjat midspan, and that given in 7 lo(^) results in 

the Jiiaximum^negatiya bending moment at a support On J ablo No 8 aic given 


&Vt or»T4iore ci 
>whSch .i? ihc 

/V. 1 ” r. 





, moment 
\totaI le^ad ane 




foi the 


bending 


moments 




ane) sgjpm/ 

span and at e^ach support for two, three, four, and 
nthuious eejUfal spans i^iymg identical, loading on each span, 
.1 dispos^^n^f tlu^ dead loading^ oil a beam system Ihc 
wtong momeate at midsj^an and support for 
|i84>ii^ted/th9 types of loading considcicd 
•uted Riljjl^fi^singte pOint load, and double point 

a’^nifurmly dis^ubuted loading when all spans 
shears due to any incidence of such 

l^n'l'^al/le Njjjjpfi. ‘ I 

en picpared to facilitate calc ulation of the support 
moinent^,.in beam^NWith constant moment of inertia and contilfi||Hous over two, 
three, or four equal or unequal spans, and canying almost any t^pe 01 incidence 
of live and dead loads. The basis of the method is that the loading on any span 


' dis 

^ !he sh^ f( 
loaded,'Jo 
:ing, 

Tabtf Nof g*'*: 
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of a given syslwn, of continuous beams can be divided into one or more of 
the following t3^)cs of loadirtg 

{a) Uniformly distributed load over the whole of a span. 

[b] Triangularly distributed load with maximum value at the centre 

of the span. 

(c) Triangularly distributed load with maximum value at one end of 

span. 

{d) Point load at centre of span. 

[e) A point load at each of the third-points of span. 

It is not practicable to cover every probable type of loading, but other 
types of loads could be allowed for as follows : 

Partially distributed load at one end of span would give coefficients 
having values between those for (a) and (c). 

Three or more equal point loads would give coefficients having values 
between (a) and {e). 

A beam system with several spans loaded can be divided into a series of 
l)enm systems liaviiig the same number of spans, only one of which is loaded with 
any one particular type of load, and each of these loads gives certain bending 
moments at each sup})ort, the ultimate bending moment at each support being 
the algebraic sum of the bending moments at that support due to each type of 
load. Although the table only gives data to enable support moments^ to be 
calculated, the midspan moments can be readily calculated or determined grapfilb- 
ally therefrom. 

For equal spans the moment at any support due to any one span loaded 
with any one tyj^e of load is given by the expression , 

Support moment - load factor X supj)ort moment 
coefficient X total load x span 
or - FQAVL 

and the total moment at aii}^ one support - 2’A/^. 

If any one type of load extends ccjually over all the spans of a given system 
of equal s])ans, the loading need not be split iq) into single-span loads, but the 
values of Q tabulated for this case should be used. * 

For unequal spans the method is similar to that for equal spans, exoept for 
the introduction of the further factor U , termed the “ moment multiplier,” wiiich 
varies with the particitlar support being treated, and with the particular span 
considered loaded. The value of U depends only on the ratio that the several 
spans bear to the ” base span,” which is chosen to give the simplest ‘expressions 
for the moment multiplier. These expressions arc given on Table No. 9. For 
unequal spans a supj)ort moment would be expressed by 

Support moment -- support moment for equal spans 
X moment multiplier, 
or A/, -- U FQAVL. 

When all spans of an unequal span system are loaded with an identical 
type of load it is not possible to use the moment coefficients tabulated for such 
a case, as can be done for equal spans, as the moment multiplier differs for each 
span and for each support. 
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4. — Continuous Beams with Varying Moments of Inertia. 

The foregoing considerations liave particular appliciftion to beams that 
Jiave a constant moment of inertia throughout all spans, and, altliough strictly 
speaking the moment of inertia of a reinforced concrete beam of constant depth 
may vary not inconsiderably at various sections, it is usual to neglect these 
variations in practice both for beams having equal depth throughout and for 
l)cams having normally proportioned haunches at the supports. 

Where the depth of a beam system varies beyond these limits, neglect of 
the variation of moment of inertia in the bending moment calculations leads to 
results that differ considerably from the probable moments. When the moment 
of inertia is practically constant throughout each span of a system of continuous 
beams, but differs in one span relative to anotlier, the general formula given at 
the beginning of the preceding paragraph for these conditions is applicable, but 
when the moment of inertia varies within the length of each span the semi- 
graphical method given on Tabic No. lo should be employed. 

If the iwnnent of inertia varies throughout the span in such a way that 
it can be represented by a simple ecjuation, the general Three Moment Theorem 

M M 

can be used if ^ is substituted for M and if the area of the j diagram is taken 

instead of the area of the free moment diagram. 'I'lie solution of the derived 

^ supiiort moment 

simultaneous equations will then give values i>f enabling a 


coni])lete diagram for tlie beam system to be constructed, for which the 

moiiient at any section can be readily obtained by muJtii)Iying the appropriate 

M ^ 

ordinate of the ^ diagram by the moment ot inertia at the section. 


\\’hen time or other ciiTunistances do not ])eimit these methods to be fol- 
lowed, and the bending moments are cakailated ujion the assumption of con- 
stant moment of inertia, some acljiistmenl can be made' for tlie effect of the 
neglected factor il it is borne in mind that an increase in the moment of inertia 
in the vicinity of the supjiort will cause an increase in the bending moment at 
that siqijxa t^and a conscijucnt decrease* in tlie positive bending moments in tlic 
adjacent*spans, and vice versa. As a guide in making the adjustment the approxi- 
inale*f actors given on Table No. lo, rejirescnting tlie i)ercentage addition to or 
deduction from the calculated moments, can he em])loyed. 


5. — Approximate Bending Moments in Continuous Beams. 

Tlie precise determination of the theoretical moments in continuous beams 
involves much mathematical labour, except in certain cases that occur often 
eiiougli to warrant tabulation. J laving regard lo the assumptions of unyielding 
knife-edge supports and probably constant moment of inertia that are involved 
in the theoretical elastic anab’sis, the probability of the mathematically obtained 
moments being greater or less than those actually realised should be considered. 
The effect of variation of moment of inertia has been discussed in the preceding 
paragraph, and of equal importance is tiic consideration of the characteristics 
of the support. 


D 
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The follov/ing factors cause a decrease in the negative moment at a support 
and consequently ai 7 increase in the positive moment in the adjacent spans : 

{a) Yielding of the support considered relative to adjacent supports. 
(h) Supports of considerable width. 

{c) Support and beam monolithic. 

Likewise sinking of one or both of the adjacent supports can cause an increase 
in the negative moment at a support and consequently a decrease in the positive 
moment in the adjacent span. Yielding of one support relative to the neigh- 
bouring ones may be sufficient to convert the moment at that support into a 
positive moment. 

When the moments have been calculated with spans equal to the distance 
between centres of supports, the maximum moment can be considered as that 
occurring at the edge of the support. When the supports are of considerable 
width the span can be considered as the clear distance between the supports 
plus the depth of beam, and an additional span introduced equal to the width 
of the support minus the depth of the beam. The loading on l^iis additional 
intermediate span can be considered as the reaction on the support spread uni- 
formly along the part of the beam over the support. When a beam is constructed 
monolithic with a very wide and massive support the continuity effect of the 
span or spans beyond the support may be negl^^ible, in which case the beam should 
be treated as fixed at the support. 

Other cases of beams being constructed monolithic with a support ol moderate 
size, such as in normal beam and column construction, arc dealt with in the 
following Chapter, but in these cases the moment at the support section of the 
beam is never more than the moment calculated by the Three Moment Theorem. 

The indeterminate nature of the actual moments produced leads in practice 
to the adoption of aj)proximate bending moment coefficients for continuous 
beams of approximately ccjual spans and with uniformly distributed loads, and 
the commonly accepted coefficients are given on Table No. lo. These coefficients 
can be adopted to the total load on the span, or can be used to determine the 
moments due to dead and live loading sei)arately. In the table the coefficients 
have been extended to give the values for normal ratios of dead to live uniformly 
distributed loads. 

♦> 

6. — Graphical Determination of Bending Moments in Continuous B^ams. 

A commonly adopted method of finding the distribution of bending moments 
on a continuous beam is by a graphical method based on the def;ermination of 
fixed points.'* The basis of the method, which is fully described on Table 
No. II, is that there is a point (termed the “ fixed poir/ **) adjacent to the left- 
hand support of any span of a continuous system at which the moment is un- 
affected by any alteration in the bending moment at the right-hand support. 
A similar point occurs near the right-hand support, the moment at this point 
being unaffected by alteration in the moment at the left-hand support. When 
a beam is rigidly fixed at a support the "'fixed point ** is one-third of the span 
from that support, and when freely supported the fixed point coincides with the 
support. For intermediate conditions of fixity the " fixed point ** will be located 
between these extremes, and the relative position of the left-hand (or right- 
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liand) fixed points in two adjacent continuous spans is givei» the expression 
7 = - i i) 

* 3(^1 + it)(ix - IT- 

referring to Fig. ii ; or /, can be found from li by graphics. 



Fig. 11. — ^Fixed Points. 

Upon combining the free moment diagram with the position of the fixed 
points for any given span, as described on Table No. ii, tlie resultant negative 
and positive moments throughout the beam system, due to this loaded span, 
can be determined, and by treating each span separately the envelopes of the 
maximum possible moments throughout the system can be readily developed. 

9 

7.~Rolling Loads. 

• Moving (or rolling) loads, such as vehicular loads, that can traverse a system 
of continuous spaijs and can be in any position thereon, are best treated by 
influence line methods. An innuence line is usually a curve with the beam 
span as a base, the ordinates of the curve at any selected j^oint giving the value 
of the bending moment produced at some particular section of the beam when 
a unit load is acting at the selected point. Influence lines can be drawn for 
any section of the beam, and sufficient data are given on Tables Nos. 12 ajid 13 
to enable the influence lines for the critical sections of beams continuous over 
two, three, four, or more spans to be constructed. By plotting the relative 
position of Mic load on the beam (drawn to scale) the moments at the section 
being considered arc derived as ex])lained in the examples given on the pages 
facing the appropriate tables. * 

* 8. — Bending Moments in Slabs. 

Although the bending moments in slabs supported on two opposite sides 
are usually calculated in the same way as are beam moments, due account being 
taken of continuity where necessary, it is generally acknowledged that there is 
a greater margin of strength in a slab than in a beam when both members are 
designed on the same principles and for the same limiting stresses. There is, 
therefore, some reason for adopting smaller bending moment coefficients in the 
design of continuous slabs than are adopted for beams, and for this purpose mid- 
span moment coefficients similar to those given in the German regulations are 
advocated for slabs carrying uniformly distributed loads and continuous over 
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approximately spans. ^ Such coefficients are given on Table No. 14, and 

allow for tlie effect on. the moments of the provision of haunches at each end of 
tlie span. The coefficients given on Table No. 10 for beams continuous over 
approximately equal spans, with various ratios of live and dead load, can also 
be applied to slabs, and in the cases of small live to dead load ratios the adop- 
tion of these coefficients will prove more economical than the German values. 

Slabs in special work, such as bridge decks, where the ratio of live to dead 
load exceeds two, should be designed for a possible negative bending moment 
at midspan equal to 

M = - Wy) 

where W the intensity of live loading in lb. per square foot 
W n ----- the intensity of dead loading in lb. per square foot 

L - span (ft.) 

M ----- negative moment in foot-lb. 

•• 

9. — Rectangular Slabs. 

When a rectangular slab is supported on more than two .sides a certain 
amount of load is transmitted to each of the beanas. It is almost impossible 
to determine thecaetically, with assumptions resembling practical conditions, 
the precise amount of load taken by each support, and therefore the bending 
moment in the two directions of slabs supported on four sides is equally inde- 
terminable exactly. Various empirical formuhe and forinuhe based on approxi- 
mate theorv are in CN'cryday use, the most commf)n in (ireat Britain being the 
Gra.shof and Rankine formula and the h'rench (Government formula. These are 
as follows : 

Wk'^ 

(kashof and Rankine, IFy, ; Wj ---= W -- W^, 

It I » L It 

W 

French (Government, IF» - ; Wt t-. 

" -\- 2 ^ I + 2k^ 

where W - total load on slab. 

\V load carried in direction of short sj)an. , 

load carried in direction of long spa n • 

k -‘ratio of long span to short span. 

The u.sual limit of application of both formuhe is when k 2 (that is, when 
the length of the .slab e([uals or exceeds twice the breadth), in which case the 
slab is spanning across the short span only. The formula advocated by the 
American Society of Civil Engineers and adopted in the Australian (Sydney) 
regulations applies to slabs in which the length does not exceed li times the 
breadth and lakes the form 

IF;, -]F(^-o.5) 

IF,^ IF - Wj,. 

The more modern French formula derived by M. Pigeaud and given in English 
texts by Mr. W. L. Scott is based on the exact theory as applied to thin plates 
and is unrestricted by the value of k, thus being applicable to determining the 
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amount of longitudinal steel required in a long rectangular Whereas the 

formulai previously given are strictly speaking only appvlicable to slabs totally 
covered by uniformly distributed loads, the Pigeaud method can be adapted to 
any partially or totally distributed loading. 

For a square slab (^ = i) the amount of load carried in each direction equals 
onc-half the total load in accordance with both the Grashof and Rankine formula 
and the American formula, whereas by the French Government formula the 
load in each direction is only one-third of the total, and by the Pigeaud method 

about three-tenths. On Table N<3. 14 the values of and for k varying 

from i-o to 2*0 are tabulated in accordance with the four methods mentioned. 
It will be observed that the Pigeaud method would give the smallest moments 
while the American formula is the most conservative. Althcnigh the Frencli 
Government formula is adopted by many practitioners, the even less conserva- 
tive Pigeaud method has been sufficiently tested to warrant its use by those 
engineers who wish to blend economy with scientitic methods. To those requir- 
ing a more conservative method for work not restrained by the regulations, the 
follovving disposition of the reinforcement is suggested. In the whole length 
(and breadth) of the slab provide for the total resistance required by the French 
Government formula ; but in the centre half-strip provide the resistance reciuired 
by Grashof and Rankine, making up the difference equally in the outer quarter- 
strips. * 

In deriving the four methods just discussed consideration is only given to 
skibs freely supported on four edges, and in practice the same subdivision of 
tlvc loading is assumed wlien the slab is continuous over all four supports. The 
simplest way to allow for such conditions as freely supported on two sides, con- 
tinuous on two sides, or freely supported on three sides, continuous on one side, 

. , ... Cl long span 

etc., IS by substituting for k - 'span ^ expression 

^ longer equivalent span 
shorter equivalent span 

where the ecpiivalent span equals / times the actual span. Suggested values of 
/ for various conditions of supports are given on 'Table No. 14 and vary from 0*67 
for a h^an continuous over both supports to for a cantilever, with unity for 
a .sP)an freely supported at both ends. This method approximates very closely 
to attempts to calculate theoretically the effect of contrtuiity over some of the 
supports, and in its adoption it should be observed that the shorter actual span 
may not be the shorter equivalent sj)an. 

All the foregoing discussion on rectangular slabs is concerned with the sub- 
division of the load in order to determine the moments, but, except for the Ameri- 
can and the Grashof and Rankine methods, Wj^ and Wj^ do not represent the 
loads carried by the supports parallel to the long and s}K)rt axis respectively, 
and in those cases where the French Government or the Pigeaud methods are 
adop^ted f(;r moment determination the load carried by the various supports 
must be calculated indej)cndcntly. 'I'his can be done by taking for this purpose 
only Grashof and Rankine coefficients for the proportions in question, or more 
logically the total load should be divided into two parts, the load carried 
on the supports parallel to the equivalent longer sides, and that carried on 
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the supports ps^aHel to the equivalent shorter sides ; and Wj + Wf, = JV ; 

= rJr — where JVr and Wn are deter- 

mined by the method adopted for the moment calculation. It is usually suffi- 
cient to consider that each parallel support takes an equal share of the load. 


10. — Polygonal and Circular Slabs. 


When a non-rcctangular slab is supported on four edges and is of such pro- 
portions that reinforcement in two directions is suggested, the moments can be 
determined by the following approximate considerations. 

If the slab is triangular (or very nearly so) the inscribed circle should be 
drawn touching the three sides. If D = diameter of this circle, the bending 
moment in each of two directions at right angles to each other, assuming the 
slab is freely supported on all sides, is given by 


M - • 

i6 

where W — the intensity of loading. 

If the slab is fixed at one or more edges, suitable allowance should be made 
for the reduction of the positive moments and production of negative moments. 

When a slab is in the form of a regular polygon or approximates to a square 
slab, the size of a square slab equal in area to the given slab should be deter- 
mined and the moments determined for such a square slab. 

For a trapezoidal slab, compute the size of an equivalent rectangle having 
the same area with the sides in the same ratio as the mean longitudinal and 
transverse axes of the given slab. t 

A circular slab of diameter D carrying a uniformly distributed load and 
freely supported around the circumference, should be designed for a moment of 
WD^ 

in two directions at right angles. Actually the bending moment varies 


12 


from zero at the edges to a maximum of 


WD^ 

12 


at the centre, and this variation 


should be borne in mind if the reinforcement is to be economicallv arranged. 
For a circular slab carrying a concentrated load at the centre, the bending pioment 
that should be provided for in two directions at right angFs is given by ‘ 


2.71 \ ZD) 


where d the diameter of the loaded area. 

For circular slabs rigidly fixed at the supports the following moments should 
be provided for : 

WD^ 

~ 24 

i8 


Uniform load : At centre 


At support 
Concentrated load : 

At centre and support 


W^D/ _^d\ 
^ V zd) 
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11.— Flat Slabs. • / 

• • 

The design of beamless slabs (“ flat slabs " or " mushtoom floors '*) is based 
on empirical considerations. The formulae and principles which follow, and are 
summarised on Table No. 14, are practically in accordance with the stipulations 
of the American Society of Civil Engineers and agree generally with German 
and Australian practice. The design of this type of floor can either incorporate 
drop panels at the column heads (as in Fig, 12) or the slab can be of uniform 
thickness throughout as in Fig. 13. 

The following formulae assume all dimensions in inches and the notation is 

L = length of panel side. 

B = breadth of panel side. 

w — intensity of loading (lb. per square foot). 

D = diameter of column capital. 

5^ = effective span in direction of L. 

Sjj — effective span in direction of B. 

The diameter of the column shaft should not be less than 12 in., nor less 
than one-fifteenth of the height between floors, nor less than one-twentieth 
of the mean of L and B. The diameter of the column capital should equal 
0-225L (or 0*2255 whichever is greater), and the minimum length of side of the 
drop panel, if provided, should be four-tenths of the corresponding panel 
side. * 

The thickness of the slab should be such as is required by the bending 
moments and in no case less than 6 in. nor less than one-thirty-second of the 
m^an panel length for floors or one-fortieth for roof slabs, nor less than 

[0*001 (L \- B)\/w + i*5j without dropped panels, 

or [o-ooo8(Z, ~\- B)\^ w + i-o] with dropped panels the width of which 
exceeds 0*4 times the panel length. 

For the purpose of moment determination the effective spans are given by 

Sj ^ — L — 0*675 
Sjf = B — 0*675. 

T]^e total bending moments in in. -lb. to be provided for along the principal 
lin(!fe of the slabs are : 


VW + ^"=My 
3600 

KS 


UT 


2160 
Ditto 


KU = 

2160 ^ 


ST 


Ditto, 
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TJiesc monii‘nttt should be provided for as follows. 


Section. 


With flroppocl panels. 


Without dropped panels. 


cd 

Xc and dY 
ab 

Va and hW 
fU, jH, .syand cT 
hS, I 'g, and hT 


30 jier cent, of Mx 
35 j^er cent, of M x m each 
30 per cent, of y 
35 ])er cent, of My in each 
10 per cent, of . 17 // 

.40 }>cr t.ent. of My in each 
JO per cent of Mg 
^o ])er cent of M^s, in cacJi 


40 ])er cent, of M x 

30 per cent, of M x in each 

40 per cent, of M y 

30 per cent, of My in each 

30 per cent, of My 

.3.5 per cent, of My in each 

30 per cent, of ^ 

35 per cent of Ms in each 


111 end spans and penultimate rows of columns the moments should be 
increased by 20 per cent. All walls and other concentrated loads must be carried 
on beams, and beams should be provided to trim around openings. 
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The reinforcement can be arranged to be parallel to L tmd/B. and bands 
of diagonal bars can also be introduced extending Betweer^ coluflnns in opposite 
corners ; the area value of these diagonal bars is their area multiplied by the 
sine of the angle between the diagonal and section considered, that is, area of 
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Fig. 13. — Flat Slab without Dropped Panel. 


bars X ^ — for a section parallel to L, and area (d bars X 

ViJ + 


L _ 


for 


a section parallel to B. 

For purposes of determining the shear force it is usual to consider that the 
total shear on such a line as fR^ (sec FVgs. 12 and 13) is one-quarter of the total 
load on the slab for a slab without dropped panels and three-tenths of the total 
load for a slab with dropped panels. 

An example of “ flat slab ” floor design is given on the pages following Table 
No. 40, together with an alternative beam and slab design. These alternative 
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designs have Heeij priced out on a conunon basis and the costs determined are 
as follows : * ^ 

Beam and slab construction . . . 30s. per sq. yd. 

Flat slab without dropped panel . . 28s. 9^/. „ ,, 

Flat slab with dropped panel . . 27s. 6 d, „ ,, 

Although there is less than 10 per cent, difference between these three rates 
it should be remembered that the total depth of construction required for the 
beam and slab construction is i ft. ii in. from floor finish to soffit of main beam, 
excluding haunches, and for the flat slab construction with dropped panel the 
depth is 12 in. excluding the splayed column head. That is to say, in a ware- 
house 12 1 ft. high from basement to roof, with a prescribed headroom of 10 ft. 
for each floor, the total number of floors with beam and slab construction would 
be one less than with flat-slab construction. 



CHAPTER V 


FRAMED STRUCTURES 


1. — Theoretical Considerations. 


Thp: process of solving problems dealing with indeterminate framed structures 
is generally based on one o: two fundamental principles : 

{a) The Principle of Least Work, and 
\h) The Slope Deflection Theory. 

Tlie consideration that will here be given to this aspect of structural design 
will be based on the latter of these two principles. 

The two axioms in the slope deflection method are 


(^i) That the difference in slope between any two points in the length 

• M 

of a member subject to bending is equal to the area of the gj 

diagram between these two points. 

{h) That the distance of any point from a line drawn tangential to the 
elastic curve at any other point, the distance being measured 
normal to the initial position of the member, is equal to the 

♦ M 

moment (taken about the first point) of the diagram between 


these two points. 

In these considerations M represents bending moment, E the elastic modulus 
of the material, and I the moment of inertia of the member. Combining these 
axioms leads to the following general expressions for the moments at the ends 
of a membe# subject to bending as shown in Fig. 14. 


M 


AB 


= 2Ek( : 


zOji + Ofl 




\ 

2EK^2d 


3 ^ 

L 


0- 
>/i 4- Qa - 


Q 


(1) 

(2) 


where == bending moment at A towards B 
^BA = bending moment at B towards A 
L, 0 ^, 65, and d are shown in Fig. 14 


K ™ the stiffness factor = -- 
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• 

where 4 area o.. free bending moment diagram due to the external 
• Joads acting between A and B, 

Z -- distance of centre of area of the free moment diagram 
measured from A. 

Tlic signs of the various components in these general formulae are in accord- 
ance with the following conventions : 

Bending moment : concave upwards— positive. 

Deflection : cl as indicated in 14 —positive. 

Slope : 0 j as indicated in F/g. 14— negative. 



When there is no external load the factors P and () become zero, and when the 

L A 

load is syininctrically disposed on the member Z = -- and P - Q ^ j . Values 

A • 

of j for various casps (d symmetrical loading are given on Table No. 15. 

When there is no clastic deflection of tme end of the member relative to tlie 
other (for example, when non-elastic supports are assumed), that fe, when d = o 
the general expressions (i) and (2) become 

M^,j,-^- 2 EK{ 20 ^, + d,,)~P .... {la) 

-f 0^,) - () .... ( 2 a) 

Further simplifications arc introduced when the end conditions of the mem- 
ber arc known. Thus when the end B of the member AB is hinged, ^ = o, 
and the general expression becomes 

A/ - (P + [lb) 
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Similarly if end A were hinged and not B, i= o, and the general expres- 
sion becomes ' * , 

= - Ek( 30 „ - ^ j . 

. . {zb) 

Hence for conditions of one end hinged, level supports, 
loading, the formuhe become 

and symmetrical 

For end B hinged, - zEKO^ — T.-5y 

. (ic) 

For end A hinged, =-■ — sEKOj, — 

. (zc) 

When the restraint at end A is equivalent to perfect fixity, 0 ^ ---- o, or 
when end B is fixed, " o, i.e. 

For end A fixed, ~ 2EKf0ji — — P 

. . (Id) 

, - zEkLOj, - - Q . 

■ ■ {2d) 


Hence for conditions of one end fixed, level supports, and symmetrical 
loadiiif^, the formuhe become 

fnir end A fixed, - 2EK0ji — y . . . . • (i^) 

= { 2 e) 

For end B fixed, M^u ■ ^LKOj — ^ . . . . . {if) 


M,u = - zEKOj - ^ . 


W) 


I'lie modified fjeneral formuhe for members having various conditions of 
end restraint are given on Table No. 15. 

The general problem of determining the moments in a framed structure is 
sfdved by applying the appropriate general formula* to each member successively. 
The algebraic sum of the moments at any joint is equal to zero. 

As a simple illustration of the application of the formuhe, consider the 
problem^of (determining the bending moment at A when the beam AR, indicated 
in F^. 16(a), is headed. 

From formula (ic), Mj’„ - i — 1-5^ 

From formula (if), ^EK^0^ 

From formula (if), M ,ij) - ^EKJ)^^ 

By addition, o = E0^{zK^ 1 4/f^) — 1-5^- 


hence • 

By substitution, 


E0,= 


M 


AB 


_ 

3^b 1’ 4^c T 4^d 

^Kn + Kc) A 

1 + /\K]y L 


The other moments could be found in a similar manner. 


(negative). 
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Apart from ^tlie consicpration of continuity between *columns and beams 
ill a building skeleton, simple framed structures most commonly occur in the 
form of portal frames. On Table No. 15 the formulae for the bending moments 
at the ends of the columns are given for such frames having any type of vertical 
loading on the top beam or any type of horizontal loading on the columns. 

The shear forces on any member forming part of a frame can be readily 
determined when the moments have been found by consideration of the rate 
of change of bending moment. The shear or reaction at the ends of a member 
AB that carries no external load is given by 

17 _^^AB ^BA 

1 AB -- - 

For a member with end B hinged 

p __ ^ab 
BA — 


2. — Exterior Columns. • 

The importance of computing and designing for the secondary moments 
that are produced in monolithic beam and column construction due to the rigidity 
of the joints is recognised by all modern authorities on reinforced concrete design, 
and, although existing British regulations do not particularise the method of 
moment calculation to be adopted, most foreign regulations no longer* treat this 
aspect of design as a refinement but as an essential factor. 

Exterior columns in a framed structure arc subject to a greater bending 
moment than interior columns (other conditions being equal) and the magnitude 
of the moment depends on the relative stiftness of the column and beam and 
on the end conditions of the members. There are two principal cases to con- 
sider for exterior columns ; 

Case (i). Beam supported on topmost point of the column, as in Fi^. 15. 

Case (ii). Beam fixed to column at some intermediate point as in 

Fig. 16 . 

Since either end of the column or beam can be considered as hinged, fixed, 
or subject to some intermediate degree of restraint, it follows that there are 
nine individual conditions of Case (i) and twenty-seven conditions of Case (ii). 

For Case (i) the maximum reverse moment at point 4, the junction V)f the 
beam and column, occurs when the end B of the beam is hinged and the foot 
of the column is fixed at C, as in Fig. I5(«). The minimum reverse moments 
at A occur when the beam is rigidly fixed at B and the column hinged at C 
as shown in Fig. 15 (^). Conditions met with in practice lie between these two 
extremes, and with any condition of fixity of the colunm foot C the moment at 
A decreases as the degree of fixity at B increases. With any degree of fixity 
at end B of the beam, the moment at A increases very slightly as the degree 
of fixity at C increases. 

The maximum reverse moment in the beam at the junction with the column 
for Case (ii) is experienced when the beam is hinged at B and the column per- 
fectly fixed at both C and D as indicated in Fig. 16(a). With perfect fixity at 
B and hinges at C and /), as in Fig. i6(6), the reverse moment in the beam at 
A is a minimum. 
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Tlic considerations are applicable to any symmetrical loading on 

tlic beam. WIicn tjie loacnng is uniformly distributed, the formula.* given by 
the German Regulations may be adopted. These (see Fig. i6) are as follows. 


Moment at A in AD — - 

Moment at A in AC = M u; - 
Moment at A in AB (M^ 


WL„/ __Kj, \ 

' iz'XKj, + Ka Kj,) 

WL„( K^c \ 

12 \Kj, + KX+Kj,) 

i/> d' ^hic) 


wliere K^, and Kj^ are the stiffness factors of AB, AC, and AD respectively, 
and W is the total uiiiformly distributed live and dead load on the span AB. 
Tlicsc formuhe neglect any iion-uniformily in the end conditions of cither the 




KljJ. 17. n.M. in Columns when Restraint Moment in Beam at End Support 

is neglected. 


beams or eoliiiiins, but are suitable for use in ordinary building structures. Where 
end conditions N ary considerably the eflective lengths for various end cftnclitions 
given on 'ruble No. J4 can be used in calculating the slenderness factors. 

When there is no upper column (as in Fig. 15) these formula? apply if Kj^ 
is written zero. ^ 

For various ratios of stiffness factors, the moment coefficients in accordance 
with the German formula are tabulated on 'Fable No. 16. 

The top lift of all cohiinns should be designed for bending in addition to 
direct load, and even when the beam lias been designed as if freely supported at 
the column or as continuous over and inclejiendent c)f the column (as is usual), 
some moment should be taken on the column. Certain reinforced concrete regu- 
lations give reasonable values for these bending moments as shown in the dia- 
grams in Fig. 17. When the base of the column is considered hinged, the 
moment to be taken at the top shouhl be one-third of the maximum positive 
moment in the adjacent beam span. When the base of the column is fixed, the 


FRAMED STRUCTURE 


] 

moment at the top should be taken as one-third of thdmaximun^pcisitivc moment 
in tlie adjacent beam span, and the moment at the base^s one-sixth of this 
positive moment. 

WI ^ 

When the midspan moment is taken as tlic bending moment at tlie 

WL^ WI^ 

top of the column would thus be - and - at the base of fixed columns. 

WIJ WT^ 

For midspan moments of the corresponding moments would be — and 

WL^ 

^ 48 '' 


3. — Interior Columns. 

There is less variation in the moments due to continuity between beams and 
C(dumns in tlie case of the interior columns of a building frame than in tlie case 
of exterior columns. End fixing conditions of the various members do not 
affect the moments so scriousl}^ and it should be remembered that the moment 
in the beams at the column junction is in all cases less than the moment at this 
support when computed by the Three Moment 'riieorem neglecting fixity with 
tlie column. On Table No. i6 are tabulated moment coefficients from which 
tlie momefit in the upper or lower column can be calculated by multiplying by 

the j factor for the live load only on one ot the adjacent beam spans. 


• 4. — Approximate Treatment. 

The methods liitherto enumerated for evaluating the bending moments in 
column and beam constructions with rigid joints involve a fair amount of calcu- 
lation. Except for tlie a|)proximate method of computing the fixing moment 
at the top end of a column, they all involve the calculation of the moment of 
inertia of the members concerned. In general practice it is not always possible 
to devote the time required to make these calculations, and therefore an approxi- 
mate methoef is of value. In order to allow a margin f(;r the bending stresses 
on tli^ column, the column may be designed for the static reaction increased 
by the amounts shown on 'Table No. i6 for the approjiriate sj-rangement of beams 
supported by the column. When the ratio of the length to the least width of 
the column (the slenderness factor) is less than 15 the load factor for Case 4 
can be decreased to unity. The value of the working stress for columns where 
the slenderness factor exceeds 18 has to be decreased as explained in Chapter XIII. 

For braced columns subject to horizontal thrusts, such as the legs of water 
towers, a simplified method of calculating the moments and forces in the columns 
and braces can be evolved by considering the rational deformation of the struc- 
ture. The formulae for the direct load and shears on each column and the moments 
at any joint both in the columns and braces are given on 'Table No. 15 for the 
case of two practically vertical columns braced together by horizontal braces 
and subjected to a horizontal thrust at the topmost joint. 

Columns supporting silos and bunkers are subject to a horizontal thrust 

£ 
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at the columnj htv'id due to /wind on the structure above. If P equals the total 
wind pressure 4 nd N equals the number of columns, the shear at the head of 
P 

each column The maximum bending moment in the columns is given 

by the following expressions, if L equals the column height : 


Column hinged at base, 
Column fixed at base, 


M 


PL 

'N' 


M = 

2 N 


5 . — Earthquake -Resisting Structures . 

1'he design of structures to withstand the disruptive forces induced by earth 
tremors and quakes presents a problem in frame design. Authoritative opinions 
differ on the question whether such structures should be designed as rigid or 
flexible structures. A semi-flexible type has been advocated in the United States, 
but generally engineers seem to favour the rigid-frame construction. The effect 
of earth tremors is considered as being equivalent to a horizontal thrust that 
is additional to the loads and wind pressures for which the building would ordi- 
narily be designed. The usual dead and live loads should be increased by 20 
per cent, to allow for vertical movement. The magnitude of the ^horizontal 
thrust w'ould depend on the probable acceleration of the earth tremor to which 
the building is likely to be subjected, and the value of this acceleration varies 
from less than 3 feet per second per second in firm compact ground to over 12 
feet per second per second in alluvial soils and filling. A horizontal thrust e*qual 
to about one-tenth the mass of the building would seem to be adequate for all 
but major shocks when the building does not exceed 20 ft. in height, increasing 
to one-eighth of the mass when the building is of greater height. The horizontal 
shear on the building at any level should be considered as onc-eighth or one-tenth 
of the total weight of the structure (including live loads) above this level. 

In order that the structure shall act as a single unit, all parts of the building 
should be effectively bonded together. Panel walls, finishes, and ornaments 
should be permanently attached to the framework, so that in the evgnt of a shock 
they will not collapse independently of the main structure. Isolated column 
footings should be connected by ties designed to take a 'hrust or a pull*equal 
to one-tenth of the "load on the heavier of the two footings connected. 

6, — End Conditions. 

Since the results given by the more accurate frame formulae vary consider- 
ably with different degrees of fixit}^ of the ends of the component members, it 
is etsential that the end conditions assumed should be reasonably obtained in 
the actual construction. Absolute fixity is difficult to attain unless the beam 
or column is embedded inonolithically in a comparatively huge mass of concrete. 
Embedment in a brick or masonry w^all is more nearly of the nature of a hinge, 
and should be assumed as such. The standard type of isolated footing should 
also be considered as a hinge at the -foot of the column. A continuous beam 
supported on a beam or column is only partially fixed, and where an end span 
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is supported at the outer end on another beam 1 Ringed conditions should be 
assumed. A column built out of a pile cap supported bj^ twd, three, or fpur 
piles is not absolutely fixed, but can be considered thus ii it is built out of a 
thick raft whether the raft is supported on piles or not. 

In special structures such as arches, large-capacity bunkers, etc., where it 
is necessary that the assumption of a hinged joint is fully maintained, it is gener- 
ally worth while and always safer to make a definite hinge in the construction. 
This can be done either by inserting an appropriately designed all-steel hinge, 
or more commonly by forming a hinge monolithic with the column as shown 
in Fig, 18. The hinge bars '' a " should be calculated to take the whole of tl.e 



horizontal shear at this section, and the area of concrete, at “ D ” should be 
sufficient to transfer all the compressive force from the upper to the lower part 
of the column. The hinge bars should be well bound together by suitable binders 
“ d and the main column bars ** c” should be terminated on each side of the 
slots B and C. These slots should be filled with felt or tarred paper, or pre- 
ferably with asphalt, although sometimes these slots are not left at all, the con- 
crete being allowed to crack when moments producing stresses in excess of the 
ultimate tensile strength of the concrete occur. 

7. — Moments of Inertia of Reinforced Concrete Sections. 

The moment of inertia of a reinforced concrete section is theoretically the 
equivalent moment of inertia of the stressed section about the neutral axis 
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expressed in cdiiccete or in iftecl units. The concrete in tension is neglected and 
the steel is cons^idcrad as being equivalent to m times its area of concrete (sec 
notes on the modular ratio in Chapter IX). Until the complete section is designed 
(or assumed) and the percentage of steel known, such a calculation cannot be 
made with any precision. Moreover, the moment of inertia of an ordinary beam 
changes considerably throughout its length, especially with a flanged beam which 
acts as a tec beam at midspan but has to be treated as a simple rectangular beam 
at its ends where reverse moments occur. 

Since only comparisons of moments of inertia are required in frame design, 
the errors due to approximations are of minor importance ; it is therefore usually 
sufficient to compare tlic moments of inertia of the concrete sections alone for 
members that have somewhat similar percentages of steel. Thus for comparing 
a rectangular column with a rectangular beam (or with a tec beam subject to 
reverse moment) the ratio of the moments of inertia would be 


Ir 

Ju Mi*' 


This same method of calculation is suflicient for those cases where one of 
the sections to be compared is a true tee beam with breadth of rib = ft/, wliile the 
other is reinforced in both tension and compression, since tlie neglect of the extra 
effective value of the flange is approximately balanced by the neglect of the 
compressive steel in the other section. 

On Table No. 39 arc given values of / for octagonal, diamond-shape, and 
other non-rectangular sections. 

The effect of the approximation suggested can best be seen by considering 
one or two examples, and the various sections illustrated in FVg. 19 will be com- 
pared. 

[a) To compare the moments of inertia of the rectangular beam shown in Fig, 
i()(rt) with the square column in Fig. 19 (ft) : 

(i) Approximate method: 


Ic 

In 


15" 

8 X 18'* 


i-oS. 


(ii) Accurate Method : • 

Column : Concrete - 0-083 x 15^ 4,210 concrete units , 

Steel 14 X 3*14 X 5 ' 5 “ == 

A’ "5.540 


Beam : Concrete ^ - 0*33 X 8 x 8 “ 1,360 concrete units 

Compression steel - 14 x 1*33 X 6-52 790 

Tension ,, -- 15 x 2*36 X 8-52 . 2,550 


Ir -- 4.700 

_ 5|540 _ ^ compared with i-o8. 

Ir 4700 

(ft) To compare the rectangular beam in Fig. 19 (a) with the octagonal column 
in Fig. 19 (c) : 
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(i) Approximate method: , x 

From Table No. 39 the M. of I. of an octagonal .section = o-o 55 J 9 * 

. 7 c ^ 0-055 X i8« __ * 

• • lu 0-083 X 8 X i8» ~ 



(o) RECTANGULWZ BEAM 


(b) SQUARE. COLUMN BENDING 

ABOUT x .x (coMPeessioN all 
OVER section) 



Fig. 19, — Typical Sections for Comparison of Moments of Inertia. 


(ii) Acemate method: 

7c by calculation similar to (a) - 6,780 concrete units 
Ig as already calculated -4,700 „ ,, 


= 1.44 as compared with 1-49. 

7 b 4-700 

(c) To compare the tee-beam in Tig. i^{d) with the .square column in Fig. 19(6). 
(i) Approximate method: 


7 c 

7b 


9 X 21’ 


= 0-58. 
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(ii) Accurate piethod: 

Iq as in (a)^ = 5»540 concrete units 

« Beam : Concrete in flange = 0*33 X 60 x 6® = 4,320 „ ,, 

Tension steel = 15 X 1-57 X 13-5* == 4,280 „ ,, 

8,600 

== 0-64 as compared with 0-58. 

From these examples it will be seen that the approximate method readily 
gives comparative values that are accurate enough for trial calculations and 
close enough for general design purposes. Another useful approximation that 
can be employed when the position of the neutral axis is known or can be esti- 
mated, is that the moment of inertia of a section subject to tensile and com- 
pressive stresses simultaneously is equal to twice the second moment of the ten- 
sion steel area about the neutral axis. Applying this to the beam in Fig, 19 (a), 

™ 2 X 15 X 2-36 X 8*5 — 5,100 concrete units, • 
compared with 4,700 concrete units by the more precise calculation. 

Applying this method to the tee-beam in Fig. 19 (^^), 

/j, =- 2 X 15 X 1*57 X 13*5^ -- 8,560 concrete units, 
compared with 8,600 concrete units. 



CHAPTER VI 
FOUNDATIONS 


1. — Site Inspection. 

The complete design of a foundation involves a three-stage procedure. The 
first stage is to determine from an inspection of the site the nature of the ground, 
and, having chosen which of the available strata it is proposed to subject to 
loading, the^ maximum safe bearing pressure must be decided. The second 
stage is to select a suitable type of foundation, whether it shall be an isolated 
footing, a raft, or piles, and consideration may have to be given to alternative 
types. To design the selected type adequately to transfer and distribute the 
loads from the superstructure on to the ground constitutes the third stage. 

Obviously the first step in a site investigation is to undertake a surface 
inspectior! and to determine from the appearance of the site itself or from the 
immediate vicinity whether the subsoil is rock, chalk, clay, gravel, sand, alluvial 
soil, or filling. Such a superficial inspection tells the engineer nothing as to 
the -depth of the apparent strata, although in this first instance he can perhaps 
draw on his own or^ others' local experience, and with extreme caution can base 
his deduction on probabilities. 

For more precise determination of the type of ground underlying the site 
he must resort to digging trial holes, sinking bores, or driving test piles. A 
trial hole can only be carried down to a moderate depth, but affords an excellent 
opportunity of studying the nature of the soil in its undisturbed form, of determin- 
ing the difficulty or otherwise of excavation, and the need or otherwise of timbering 
and pumping. The chief objection to a trial hole is the localised nature of the 
inspection, But this can be overcome by sinking a number of holes at salient 
pointe. 

A bore can be carried down very much deeper than ,a trial hole, but still 
has the objection that it is a localised investigation. It is a very good method 
of determining the geological formation below a site, especially when the successive 
strata are of greatly differing nature giving a sharply contrasted '' throw-up." 
With alluvia, clays, and other recent sedimentary depositions, however, care 
must be taken with the deductions made from the material brought up by the 
bore, since some such materials may be quite compact in bulk and firm when 
buried, thus affording an excellent foundation material, but when brought up 
may be churned lip into mud and become friable upon exposure to air and sun. 

A test pile does not definitely indicate the kind of soil it has been driven 
through, but the driving data combined with local information may give a clue. 

A test pile is particularly valuable in determining the thickness of top crusts or 
the depth below poorer soil at which good bearing strata lie. 

57 
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Having IJ^us obtained some knowledge of the nature of the ground under- 
lying the site, it* is i^ecessary to study the strata from the point of view of their 
value as a foundation-bearing material. There is little trouble with rocks 
except to determine whether they shall be classed as good, medium, or rotten. 
Inspection should be made for faults, splits, inclined strata, and the possible 
incidence of pockets of soft material. Some clue as to the thickness is also 
necessary as it is not uncommon for a thin layer of rock to overlie softer strata. 

The thickness of the beds and the level of the strata are the most important 
data to obtain concerning clay, and for gravels and sands information concerning 
the thickness of the deposit and its water content is also necessary. 

Alluvial soils and fillings present a more serious problem to the designer 
of foundations. It is sometimes difficult to distinguish between an old filling 
and virgin earth. 'I'aking the extreme view, a “ virgin earth " is merely a type 
of ancient and naturally deposited filling, but to minimise the risk it is always 
essential to decide whether the ground has been artificially filled or is a natural 
deposit. Whereas we can usually assume that a naturally deposited soil, such 
as old river mud, etc., will be of uniform compactness (and so may also be an 
artificially-placed hydraulic fill), we can by no means be so confident with ordinary 
tipped filling. Although the passage of time will generally render such a filling 
more compact, the time factor may also make it more insecure since it may 
contain material liable to decay, such as dumps of paper, timber baulks, or 
other material that may leave soft patches if not actual cavities in the sUb-strata. 

Insi)ection by bore or trial holes cannot ensure the exposure of isolated 
deposits of any treacherous material that may be lying below the general founda- 
tion le\Tl, and the occurrence of such a deposit or cavity below an isolated base 
is obviously dangerous. If, on account of time or exp^ense,^ the idea of a bore 
hole at each foundation cannot be entertained, a little more confidence in the 
hidden strata can be gained if a J-in. steel bar is driven a few feet into the soil 
and it is noticed that each succe.ssive hammer blow of equal force does not drive 
tlic rod furl her into the ground than the preceding blow\ This is an inexpensive 
and satisfactory tc.st and can be carried out at every base, or in several places 
under a large Ixase. 

Where there is any doubt as to whether a certain soil is or is not an artificial 
fill, it is always .safe to assume it is artificial and to design the founflations with 
the necessaiy caution. If, in a soil that has all the attributes of “ virgin* earth," 
there is found a pfiece of gla.ss, wood, iron or other foreign substance, it can at 
once be definitely decided that the soil is artificial fill. The finding of a Neolithic 
implement would not necessarily condemn a soil that has all the; evidence of 
being naturally deposited, but any recent man-made product would convict 
the most natural-looking deposit. 

Having decided that a p'^articular soil is a filling, it is first necessary to decide 
how long it has been in place undisturbed, and, secondly, how deep it is and 
what underlies it. Its possible age may be judged b}^ one or more of several 
criteria. Persons who actually witnes.sed the placing of the material should 
be fairly reliable, but such information should be independently confirmed if 
they attribute more than a few decades to the fill. The type of fill may give a 
clue as to its original source, and if this latter is investigated the date at which 
excavation took place there and hence the date of deposition may be determinable. 
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Relics found beneath the surface may assist in assessing tlje age, but in so 
estimating it must be borne in mind that whereas a pieca of 'Roman pottery 
may not be taken as conclusive evidence that the filling was deposited fifteen 
hundred years ago, a fragment of modern English glass would be an almost 
certain clue that it was tipped or at least disturbed in recent times. The history 
of other structures on the same site may assist in arriving at the age of a deposit, 
and other dating data would most probably suggest themselves to the engineer 
investigating a particular site. 

The question of age is of some importance, because one would look askance 
at the reliability of a deposit only five or ten years old, but with an established 
age of upwards of fifty years one might be inclined to deal more leniently with 
the problem. If the deposit were refuse from a town or industrial works it 
would immediately come under suspicion as not being a reliable bearing strata, 
although carefully designed raft foundations have been constructed on what 
was the common hillside rubbish tip of a sixteenth-century city. 

The depth to which the filling extends is of equal importance and a con- 
sideration of this fact is inseparable from investigations of the strata's compactness 
and compressibility, and more obviously it is this depth that will be in a great 
measure the deciding factor in selecting the most suitable type of foundation. 


2. — Safe Bearing Pressures, 

The bearing pressures that can be imposed on soils of the ordinary types 
are ^ell known and in certain districts are subject to regulation. On Table 
No. 17 are given a^ list of soils with their generally accepted bearing values, 
together with the limiting values given in the current London County Council 
Regulations for Reinforced Concrete. The London Building Act (1931) allows 
6 tons per square foot for chalk and pressures up to \ ton per square foot on 
alluvial soil, made ground, or very wet sand. 

For soils of uncertain bearing resistance a study of existing buildings and 
their foundation loads on such soils may be instructive, or a bearing test can be 
carried out. It is an easy matter to arrange such a test by constructing a timber 
or concrete platform and loading it up with j)ig-iron or other available weights 
and taking periodical readings of any settlement. The platform should be 
monolithic and should cover 10 or 20 sq. ft. ; it should b/} placed at the level 
at which it is proposed to build the foundation and in no case within 2 ft. of 
the ground surface. An initial load that gives 2 or 3 cwt. pressure per square 
foot should be imposed on the ground before observations arc commenced, and 
these should be measured by a level sighted on an ordinary level staff. Readings 
should be taken at each corner of the platform in order to detect tilting, and 
readings should be taken before and after every increment of loading. The 
loading should advance in convenient stages and with due regard to symmetry 
until the ground is subjected to a bearing pressure at least double that for which 
it is proposed to design the foundations ; it should be left thus loaded for 24 
to 48 hours, when further observations should be taken to detect progressive 
settlement that might justify taking a less safe load than that anticipated. 

Several types of machines for loading ground to be tested have been designed, 
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but they usually (Jepend on a bearing test on a small area. The bearing resistance 
of successive strata .can also be estimated by driving test piles, and apparatus 
has been designed for carrying out standardised tests. 

3. — Types of Foundations. 

The type of foundation most suitable for any given structure depends 
primarily upon the magnitude of the loading and the safe bearing pressure. 
The most simple type of column foundation is an independent base in one of 
the forms («), (6), or (c) illustrated on Table No. i8. Such types are most suitable 
for ground having upwards of tons per square foot safe bearing value, and 
for bases of small area the form (a) with a mass concrete sub-base is the most 
suitable. This type of base is also best adopted for foundations on rock, the 
mass concrete sub-base being formed in a pocket roughly hewn out of the rock 
into which bond bars should penetrate. In designing independent bases for the 
columns of a building founded on relatively compressible soils, to avoid in part 
the risk of local settlement the relative sizes of each base should oe strictly in 
proportion to the dead load carried by the corresponding columns, and obviously 
the ground pressure under any base due to the combined dead and live load on 
the superimposed column should not exceed the safe bearing pressure of the 
ground. 

When the columns in a structure arc at fairly close centres in any onfe direction 
it is preferable to link up the bases to form a continuous strip footing, and a 
similar form of footing may be used for wall foundations. 

Unless the foundation is on rock independent bases and strip footings should 
be founded at a level at least 2 ft. below the ground surfaje, since apart from • 
considerations of spewing it is very seldom that virgin soil or a satisfactory 
consolidation is reached in less depth, and in clayey soils more than this depth 
is necessary to ensure protection of the bearing strata from effects of weathering. 
In the case of footings in which there is no mass concrete at the base forming 
an integral part of the base, the bottom of the excavation should be covered 
with a lean concrete (say Mix A, see Table No. 23) in order that a clean surface 
is provided upon which to place the reinforcement. The thickness of this layer 
depends upon the compactness and wetness of the bottom of th(? excavation, 
and would be from i in. to 3 in. • 

When the columns or other supports to a superstmeture are at close centres 
in all directions, or when the column loads are so high and the safe ground pressure 
so low that the extent of independent bases almost or totally cov^ers the space 
between the columns, the bases arc linked up one with another in both directions 
and form a single raft foundation. The magnitude of the loading and the spacing 
of the columns determine the shear and bending moments that will in turn 
determine the thickness of the raft. If this thickness does not exceed 12 in. 
or 18 in. a solid slab is usually the most convenient and economical form ; if 
this thickness must be exceeded a beam and slab construction designed as an 
inverted floor is more satisfactory. In cases where the total depth is of the 
order of five feet or more, a cellular construction consisting of a top and bottom 
slab with intermediate ribs gives the most economical design for rafts of large 
extent. These alternative designs are illustrated in Fig. 20. 
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In raft design consideration must be given to ih^ upward pressure due to 
water, and es^cially in the case of rafts located below the» natural water level 
with monolithic retaining walls constructed to above this level, as in Fig. 2o(d), 
the effect of water-pressure and buoyancy must be considered. Care should 
also be taken in the preparation of the ground upon which a raft is to be built, 
and everything reasonable done to ensure uniformity of bearing capacity. Weak 



fa) SOLID reAFT 



fb) Beam and Slab comstruction 



fc) CELLULAR raft 



Fig. 20. — Raft Foundations. 


places and hollows should be filled in with the same material as the ground itself, 
this filling being placed in thin layers well watered and rolled. Any patches 
of ground harder -than the general nature of the site, such as rock outcrops, old 
walls, etc., should be cut away for a depth of 2 ft. or more below the foundation 
level and the hollows treated as specified above. 

A layer of hardcore well rolled in all over the site thus prepared is also 
beneficial in producing a uniform quality of surface. 
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When a gat ^'factory foundation material is found at a depth of 5 ft. to 
15 ft. below the n^itural ground level a suitable foundation can be made by 
building up piers from the low level to ground level, and constructing independent 
bases to the columns or other supports at ground level. The piers are generally 
in the form shown on Table No. 18, and can be constructed in brick, masonry, 
or mass concrete, whichever is most convenient. The maximum bearing pressure 
of the base on the top of the pier depends on the material of which the latter is 
constructed ; safe values of this pressure for various materials are given on 
Table No. 17 and are furtlier discussed below. If the top strata are such that 
the excavation will not stand up without limbering, or if water is present in 
sucli quantities that continuous pumping is required, piers of this type are not 
usually economical. If neither of these disadvantages obtains, however, the 
minimum economic size of the pier is when the load it carries is great enough 
to require a pier equal in area to the smallest hole in which hien can conveniently 
work. Otherwise unnecessary excavation has to be tal^en out and refilled. 
Thus, assuming a man can conveniently work in a hole One yard square at a 
depth’ of 12 to 15 ft., the minimum load would be in the neighbourhood of 90 
tons for a Mix A mass concrete pier or a good brick pier. Generally it is better 
to provide as few piers as possible and to collect as much supcrload as practicable 
on each pier, thus making each pier of generous proportions. Usually it is not 
necessary to take out a bigger hole than is required for the stem of the pier, as 
at any reasonable depth the ground is firm enough to be undercut for thh widening 
at the base. In the case of mass concrete piers this procedure eliminates 
shuttering. 

Reinforced concrete columns can .sometimes be economically carried down 
to moderate depths, but in order to avoid slender columns it is usually necessary 
to provide an adecpiate lateral support at ground level. 

When piers are impracticable, cither by reason of the depth at which a 
firm bearing strata occurs or otherwise, piles have to be adopted. Reinforced 
concrete piles are either pre-cast or cast in situ, and have been driven in general 
work in lengths up to no ft., although when exceeding 60 ft. it is necessary to 
give very special consideration to the design of the pile and of the handling and 
chiving plant. Lengths less than 15 ft. arc seldom economical. For ordinary 
work pre-cast piles have usually a square or octagonal section ^d are from 
8 in. to 18 in. wide, although special piles have been designed in excc.s? ofc these 
dimensions. Fc^r thgir support, piles either depend on direct bearing resistance 
on a firm strata or on side frictional resistance in soft strata. 

In selecting a type of foundation suitable for any particular purpose the 
type of structure should be considered, and sometimes it has to be decided whether 
any injury to the superstructure may be risked as the reLult of a little local settle- 
ment in preference to incurring the expense of putting in a more elaborate 
foundation. In the case of silo foundations and the abutments of fixed-end 
arches, all risk of settlement must be eliminated, but for gantries and bases 
for large steel tanks a simple foundation can be provided and probable settlement 
alloweci for in the superstructure design. In mining districts, where settlement 
can be reasonably anticipated, raft foundations should be provided for all major 
structures in order that the structure as a whole may settle equally in all parts. 

The safe pressures on various materials tabulated on Table No. 17 are con- 
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servative figures that can be used with the knowledge that thoy allow an ample 
margin of security. Those given in the column headed L.CX.*' are in accord- 
ance with the current London County Council Regulations for Reinforced Concrete. 
For work where the excellence of the materials can be assured the following safe 
pressures are acceptable : 


Concrete Mix A 
Concrete Mix C 
Blue brick . 
Hard brick . 
Ordinary brick 


. 20 tons per square foot. 

• 3 ^ >> »» »i 

15 to 20 
10 to 15 


The pressure under the bases of steel stanchions bearing on a reinforced 
concrete raft or other type of foundation can be taken as 25 to 30 tons per square 
foot if the concrete is not leaner than Mix C. 


4. — Pressure under Foundations. 

• 

When a foundation is subjected to a concentric load— wlicn the centre of 
gravity of the superimposed load coincides with the centre of the base — the 
intensity of bearing pressure to wliicli the ground is subjected equals the total 
applied load divided by the total area. When the loading is eccentrically jdaced 
on the basQ the pressure will not be uniformly distributed but will vary uniformly 
from a maximum at one edge to a minimum at the opposite edge, or to zero 
at some intermediate point. This variation of pressure depends on the magnitude 
of the eccentricity, and values of the maximum and minimum pressures are 
given by the formuhe on Table No. 17. 

With a concentric load tlic pressure on the grenmd sliould not exceed the 
tabulated safe pressure, but these safe pressures can be exceeded by 10 per cent, 
when considering the maximum permissible pressure due to eccentric loads. 

In order that the applied bearing pressure can be realised without risk of 
the material spewing out from under the base, it is essential that there shall be 
sufficient earth above the foundation level to counteract this effect by lateral 
pressure. The minimum depths of foundation levels in various kinds of soil 
are given onjl'able No. 17, and these depths arc based upon consideration of 
spewing and upon the factors already mentioned in Paragraph 3 of this Chapter. 

if bases are founded at depths greater than those tabulated, the safe pressures 
can be exceeded by an amount equal to the weight of carth*between the founda- 
tion level and minimum depth. If advantage is taken of tliis concession, how- 
ever, any earth immediately above and carried by the base must be included 
in computing the total load on the foundation. 

5. — Design of Independent Bases. 

Column footings of the form (a) shown on Table No. 18 should be so pro- 
portioned that the bending stresses are negligible, and therefore the thickness 
of both the upper reinforced concrete footing and the lower mass concrete footing 
should be determined so that the load can be distributed on the mass concrete 
and ground by dispersion. When the angle of dispersion is assumed to be not 
less than 45 deg^ to the horizontal the proportions are given by the formulae 



64 REINFORCED CONCRETE DESIGNERS' HANDBOOK 

on Table No. i8. ^ The thickness of each part of the footing must also be sufficient 
to keep the ptfnching shear stresses within the permissible limits specified on 
Table No. 23, and expressions giving these thicknesses are also incorporated on 
Table No. 18. 

The minimum thickness of reinforced concrete footings of the usual splayed 
type illustrated by (b) and (c) should also be determined from considerations 
of punching shear, and reinforcement provided to resist the bending moments 
specified on Table No. 18, where expressions for the moment at the edge of the 
column are given for square and rectangular bases. The resistance moment of 
splayed footings cannot be determined with precision, and the formulae given on 
page 208 allow for the calculation to be made on a rational ^d conservative basis. 
When the size of the base relative to its thickness is such thi^t the column load can 
be spread by dispersion over the whole area of the base, no bending moment need 
be considered and only nominal reinforcement need be pipvided. 

When piers are provided to convey the column loadi down to a suitable 
bearing strata, the proportions of the various parts oi tli|e pier^ should be in 
accordance with the data given on Table No. 18. ‘ 


6. — Design of Combined Foundations. 

When more than one column or load is carried on a single base the centre 
of gravity of the several loads should, if possible, coincide with the centre of the 
area of the base, in which case the pressure under the base will be uniformly 
distributed. The base should be symmetrically disposed about the line of the 
loads and should be either trapezium-shape as in Fig. 21(a), or be made up of 
a series of rectangles as in Fig. 21(6). In the latter case e?ch rectangle should 
be so proportioned that the load upon it acts at its centre of area, and the area 
of each rectangle should be equal to the corresponding applied load divided by 
a safe bearing pressure, the value adopted for this pressure being the same for 
all the rectangles. If all the loads are equal and the columns placed at equal 
intervals the width of the base would be constant. 

If it is not possible or practicable to proportion the bases as described the 
resultant load will be eccentric, and thus the centre of pressure of the upward 
ground pressure will have this same eccentricity relative to the centre of area 
of the base. If the base is thick enough to be consider. \ as acting as a *3ingle 
rigid member, the ground i)ressure will vary according to the formulae for eccentric 
loading and will give a pressure distribution diagram as in F^ig. 21(c). If the 
base is comparatively thin tliis theoretical distribution may not be realised 
and owing to the flexibility of the base the ground pressure may be greater 
immediately under the loads than at intermediate points, giving a pressure 
diagram somewhat as in Fig. 21(d). 

In the case of uniform distribution, or uniform variation of distribution, 
the longitudinal bending moment on the base at any section is calculable, being 
equal to the sum of the clockwise moments of each load to the left of the section 
minus the anti-clockwise moment of the upward pressime between the section 
and the left-hand end of the base. Since the moments due to the indefinite 
distribution of pressure indicated in Fig. 21 (d) are indeterminable, it is suggested 
that for bases carrying any number up to five loads the theoretical distribution 
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be assumed and the longitudinal mranents calculated accordingly. When a 
greatCT m^ber of unequal loads are carried on a single strip base it should be 
sufficient if the longitudinal moment is calculated from the approximate formula 
given on Table No. 17. 

When the load on a strip footing is uniformly distributed throughout its 
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Fig. 21. — Combined Bases. 

length, as in the general case of a wall footing, the principal bending moments 
will be due to the transverse cantilever action of the projecting portion of the 
base. If the wall is of concrete and is built monolithic with the base the moment 
is a maximum at the face of the wall, but if the wall is in brick or masonry the 
maximum moment occurs under the centre of the wall. Expressions for these 
moments are given on Table No. 18. When the overhang is less than the thick* 
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ness of the base t,lie moments can be neglected, but in all cases the thickness of 
the base should be .such that the punching shear stresses are not excessive. 

Whether wall footings are designed for transverse bending or not, if the 
safe ground pressure is less than 2 tons per square foot a nominal amount of 
longitudinal reinforcement should be inserted to take possible longitudinal 
moments due to unequal settlement or non-uniformity of loading. 

When it is not possible to place an adequate base centrally under a column 
or other load owing to site limitations, and when under such conditions the 
eccentricity would result in inadmissible ground pressures, a balanced founda- 
tion can be devised as illustrated diagrammatically in Fis;. 22 [a). The column 



Fig. 22. -Balanced Foundations. c 
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<< 

is supported on the overhanging end C of a beam BC , that is supported on a base 
at A and subjected to a counterbalancing effect at B. The reaction at A, which 
depends on the relative values of BC and BA, can be carried by an ordinary 
reinforced concrete or mass concrete base designed for a concentric load. The 
counterbalancing can usually be provided by the load from another column 
as in 22 [h), in which case the dead load on this column at B should be sufficient 
to counterbalance the dead and live load on the column at C, and vice versa. 
Formulae giving the resulting values of the reactions at A and A^ are given on 
Table No. 18 ; from these reactions the shears and moments in the beam can 
be readily calculated. 

If no column loads can be conveniently brought into service to counterbalance 
the column at C an anchorage must be provided at B by other means, such as 
the construction of a mass concrete counterweight or the provision of tension piles. 
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7. — Safe Load on Piles. 

• • 

The load that can be safely carried on a pile depends on the maximum 
load that the pile can carry when considered as a column and on the minimum 
load that would prodtice settlement or further penetration of the pile into the 
ground. So many are the factors that enter into a consideration of the settle- 
ment load for any particular pile that the results of calculations made to determine 
this load do not have quite the conclusive value of the results of test loads on 
driven piles. The value of calculations, however, is greatly enhanced when 
they can be used comparatively in conjunction with loading tests. Such tests 
are often inconvenient and expensive, and for most normal cases the engineer 
has to fall back on safe loads computed by one of the many pile formulae that 
have been put forward from time to time. When a number of these formulae 
are applied to any one problem, the range of the results will be so wide that at 
first sight it would appear that the use of formulae is most unreliable. This 
apparent inconsistency is largely due to the fact that each formula has its own 
limitations of application, and no particular formula should be used unless one 
is satisfied that the problem in hand falls within the conditions appertaining to 
the formula. 

Pile driving formulae fall into two main groups : (i) Impact formulae which 
arc applicable to bearing piles, and which, if carefully selected, can be very 
reliable, (ii) Friction formulae which are applicable to piles that are supported 
by the frictional resistance of the ground in which they are embedded ; these 
formulae are not very ref able and should be associated with test loadings. 

];or the sake of comparison of impact fornuihe, those which follow have 
been set out in similar form using the notation 

Wi = safe load on pile (tons). 

w ~ weight of moving parts of hammer (tons). 

H = fall of hamn.er (inches), 

n number of blows per final inch of penetration. 

A == a coefficient to allow for characteristics of pile, type of hammer 
and method of operation, nature of soil, condition of dolly, 
factor of safety, and other factors not directly represented in 
the formula. (This coefficient is often fallaciously referred to 
• as simply the “ factor of safety.'') 

P weight of pile (tons), including helmet, doljy, cushioning, and 
any stationary parts of the hammer resting on the pilehead. 



A = effective cross-sectional area of pile (square inches). 

L = length of pile as cast (feet). 

E == elastic modulus of material of which pile is made (tons per 
square inch). 

AE 

K = elastic constant = — r. 

12L 

Impact formulae can be conveniently divided into four classes : 

Class I. — ^These formulae involve only the weight of the hammer and the 

F 
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drop, and a^c sometimes accompanied by a statement regarding the ^et. 
McAlpine's formula, and Hasweirs formula are of this type and are useless for 
reinforced concrete piles. 

Class II. — This class takes the simple form 




wHn 
~k ' 


Tlie formula,' proposed by Sanders {k -- 8), Merriman {k ~~ 6), and Berg {k = lo) 
are in this class, but tliis type of formula is unreliable unless the value of k can 
be fixed with reg^ird to all the variables encountered in pile driving. The Welling- 
ton series of formulai for timber piles represents the factor k by an expression 
involving w, as docs also the Nicholson formula for concrete piles. For well- 
driven concrete piles a value of k between 20 and 30 seems to be suitable. 

Class III. — This class would include those formula: that, in addition to 
the primary factors w, H and n, also involve the ratio of pile weight to hammer 
weight. The best known is possibly the Dutch formula in its simplified form 

*■ A(i i-Jiy 

For concrete piles the value of A would lie between 3 and 9. For piles subjected 
to dead loads only and driven by a winch-operated drop hammer the value of 
k should be taken as 6 if a helmet and dolly are used, but if no dolly is provided 
k 4, and these values can be decreased by 10 per cent, if a single-acting steam- 
hammer is used. The safe loads calculated by this formula with these values 
of A have been tabulat(‘d on Table No. 19 assuming the set to be ^-inch per blow 
(i.e. n “ 10) and the hammer drop to be 3 ft. For c>ther values of n ahd H 
an cxpre.ssion for adjusting the tabulated loads is given, beat this formula gives 
rather too high a value of IV ^ for sets smaller than those represented by v 10. 
High values of A should be used if the soil is resilient and uj> to 50 per cent, higher 
if the working load will be vibratory. 

The Brix formula is also commonly used for reinforced concrete piles driven 
with drop hammers. This formula. 


wHhR 

' ' k(i + R)^’ 

can be used for higher values of n than the Dutch form’da, using the same range 
of values for A as ivivocated for that formula. An American range of formuUe 
of this class is of interest as indicating the effect of the type of the hammer : 


Drop hammer. 


W, 


wHn 

WTr) 


Single-acting hammer, W ^ =- 
Double-acting hammer, = 


wHn 

6(1 + o-iRn) 
(ap + w)Hn 
6(1 - cRnf 


in which a ” piston area (square inches). 

p - steam pressure (tons per square inch). 
c = constant == o*i to 0-3. 
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Class IV. — :This class includes the more complex formulae .and embraces 
a group of formulae that incorporates the elasticity of the |>jle. • Representative 
of this group is Rankine's formula 

where ^ = 3 for dead loads, pile driven without dolly. 

= 4 for general work (dead loads and dolly). 

= 5 for vibrating working loads. 

The fonnulae proposed by Redtenbacher, Weisbach, and Hennett are somewhat 
similar, and such formulae can be satisfactorily used for most concrete pile 
problems, or as an alternative the use of the more modern and comprehensive 
fonnula proposed and extensively used by Mr. Hilcy is advocated. 

This formula embraces all the major variants occurring in pile driving 
problems, such as weight and type of hammer, drop, penetration per blow, 
leTigth of pile, shape of point, type of helmet, nature of ground, and material of 
which the piWis made. In the form given on Tahle'^o. 19 the constant c takes 
into account the energy absorbed in temporarily compressing the pile, the helmet, 
and the ground, and values of c for various degrees of severity of driving 
reinforced concrete piles of various lengths are given. These values assume 
that the pile is fitted with a lielniet with packing and dolly of the type usually 
employed in connection with concrete piles. When no helmet is used the value 
of c should be reduced by o*i in. Since the quake of the earth below the pile 
shoe is included in this value it follows that the nature of the ground affects c, 
and Jthc tabulated values are applicable to a firm gravel sub-stratum. If the 
pile l)ears on clay an additional 0-05 in. should be allowed, and if the material 
is (){ a peaty character with soft ground below it as much as 0-20 in. can be added 
to the tabulated value of c for normal driving conditions. The factor 2c is a 
quantity that is measurable on any pile that is being driven if proper arrange- 
ments are made, since it re])resents the difference between the permanent penetra- 
tion for one blow and the maximum instantaneous depression of the pile-head 
as measured at the top of the helmet. 

P 

The fact(n’ e represents the efficiency of the blow and de]K*nds on the ~ 


ratio ,• values of e are given on Table No. 19, together with values of 


H 


which 


allow for the freedom or otherwise of the drop. Settlement: loads as calculated 
by the Hiley formula are subject to a factor of .safety allowance of to 3 for 
normal structures. 

When piles are driven into soft material and depend solely upon friction for 
their support, the safe load can be calculated by either of the formulae given below : 

(i) W L[k,L{t^ + D) + k,] 

(ii) W = k^{B + D)L 4 - k,BD 

where Z,'= embedded length of pile (ft.). 


B = breadth of pile (in.). 

D = width of pile (in.). 

The factors ki, and depend on the character of the ground 

driven through and into, and appropriate values are given on Table No. 19, 
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Formula (i) istmqre suitable when the material under the shoe of the pile is not 
of much better quality than that in which the greater length of the pile is 
embedded ; formula (ii) is more applicable to cases where the lower few feet of the 
pile penetrate a firmer strata than that surrounding the major portion of the pile. 

When a pile is driven through a fairly soft material to refusal on hard strata 
(rock) the safe load is determined by the strength of the pile considered as n 
column. 

8. — Design of Piles. 

Reinforced concrete piles should be designed to withstand the stresses due 
to handling, driving, and load carrying, with appropriate factors of safety. A 
pile made from normal-hardening cement should not be driven or lifted until 
it is six weeks old unless special precautions have been taken early in the curing 
stage to assist maturing. If the pile is cast in warm weather and is kept protected 
from the direct rays of the sun for several days and constantly wetted throughout 
this period, the interval between casting and driving may be reduced to four 
weeks. If rapid-hardening cement is employed this interval caft be reduced 
to ten or seven days. Overstressing young concrete during the handling and 
slinging operations can be guarded against by so arranging the position and 
number of the points of suspension that the bending moments produced by 
the weight of the pile itself are within the safe resistance moments of the section. 
For these resistance moments a factor of safety of about three on the ultimate 
concrete strength at six weeks can be assumed ; therefore for square piles having 
a normal percentage of longitudinal steel the maximum moment due to bending 
about an axis parallel to one side of the section should not exceed 
M ^ o-i6c/)3 inch lb. approximately 

wliere c is the standard compressive stress tabulated for the appropriate concrete 
mix given on Table No. 23, and D = length of side in inches. 

If toggle holes are provided some degree of assurance that the pile will not 
be lifted so as to bend about a diagonal is attained. The toggle holes should 
be so arranged that the minimum bending moments are experienced during 
lifting, and the appropriate positions of the holes for this condition for single 
and double-point lifting are given on Table No. 19. The size and length of the 
pile will determine whether single or two-point lifting should be adopted. 

Until piles are three to four weeks old (or four to seven days wifti sapid- 
hardening cements) tjiey should not be lifted or carted, ana any moving should 
be by rolling the pile. In no case should the pile be disturbed until two weeks 
old, although the side forms may be struck in two or three days.* 

The maximum compression stresses experienced in a pile are usually those 
due to driving and occur at the head of the pile, generally a^ final set is approached. 
In the simplest case this stress would be approximately the driving force divided 
by the total effective cross-sectional area, but even with a well-centred j)ile it 
is probable that the maximum stress is at least double the mean stress. The 
driving force can be approximately calculated from the factors involved in the 
Hiley formula, and thus the probable maximum stress is given by 

__ 2wHien 
A(i + cn) 

where A = total effective cross-sectional area of the pile. 
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If the value of exceeds one-azid-^-half times the standard allowable 
stress Cl there is danger that the cover concrete may spall off at the head of 
the pile, and therefore if driving conditions are anticipated in which by calculation 
either the richness of the mix or the effective cross-section of the pile 
should be increased. If exceeds Ci the stresses in the pile will be unduly 
high unless special attention is given to the provision of sufficient helical binders 
in the topmost few feet of the pile. Octagc^iial piles usually have helical binders 
throughout their whole length. 

In Fig. 24 is illustrated a typical detail of the reinforcement in a square 
reinforced concrete pile, in which helical binders at the head of the pile are 
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* Fig. 23.— Pile Shoes. 

• 

provided. The arrangement of the toggle holes and spacers is also indicated. 
For driving into clays, gravels, or sands %pile shoe having a two to one overall 
taper, as shown in Fig. 24, is usugJJ(y satisfactory, but for other types of soil 
other shoe shapes are necessary. I^e pile has to be driven through soft material 
to take a bearing on a thin bed of gravel overlying softer ground it is necessary 
to have a blunter shoe to prevent punching through the thin strata. For friction 
piles driven into soft material throughout a shoe is not absolutely necessary, 
and a blunter end should be formed as in Fig. 23(a). When driving through 
soft material to' a bearing on soft rock or stiff clay, the form of pile end shown 
in Fig. 23(b) is satisfactory so long as driving ceases as soon as the firm strata 
is reached or is only just penetrated. When driving down to hard rock, or 
where heavy boulders are anticipated, a rock shoe as shown in Fig. 23(c) should 
be fitted. 
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Irrespective o,f the load the pile can carry before risk of settlement is incurred, 
the stresses produced by the working load on the pile acting as a column should 
be considered. For calculation of the stress reduction due to slenderness (see 
Chapter XIII) the effective length of the pile can be considered as two-thirds 
of the length embedded in soft strata (or one-third of the length embedded in 
fairly firm strata) plus the length projecting above the ground, and usually 
the end conditions of a pile are equivalent to the general case of one end fixed 
and one end hinged. In no case should the effective column length be assumed 
at less than 5 ft. plus the projecting length. 

In preparing pile lay-outs attention must be given to practicability of driving 
as well as to effectiveness for load carrying. In order that each pile in a group 



shall carry an equal share of the load the centre of gravity of the p^le^roup 
should coincide wit^i the centre of the superimposed load. The clear distance 
between any two piles should generally be not less than 2 ft. 6 in., except in clays 
where experiments indicate that a clear distance equal to the size, of the pile is 
most effective. So far as possible piles should be arranged to lie along a series 
of straight lines in both directions throughout any scct’on of a particular job, 
as this form of lay-out minimises the amount of movement of the driver. The 
lay-out should also allow for driving to proceed in such a way that any displace- 
ment of earth due to the consolidation in the piled area shall be free to take 
place in a direction away from the piles already driven. 

Pile caps should be designed primarily for punching shear around the heads 
of the piles and around the column base. The thickness of the cap should also 
be sufficient to provide adequate bond length for the pile bars and column dowel 
bars, If the thickness is sSuch that the column load can all be transmitted to 
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the piles by dispersion no bending moments need be considered, but usually 
when four or more piles are placed under one column it is accessary to reinforce 
the pile cap for the bending moments produced. Figs. 25(a) and 25(b), illustrate 



PILE SBOUP (b) FIVE PILE GiBOUR 

(for rouR PiLCS omit centre Pile) 
Fig. 25. — Typical Details of Pile Caps. 


typical details of pile caps suitable for three, four, and five piles in a group, and 
in each case each of the bands of steel marked A is provided to give a resistance 
equal to a single pile load multiplied by the distance from the centre of the pile 
to the face of the column. The shear and compressive stresses on the concrete 
must be inyestigated in these cases. 
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RETAINING WALLS AND CONTAINERS 

1. — Types of Containers. 

For convenience of reference to the various types of structures that are designed 
primarily to contain or retain materials deposited within or against them, the 
following meanings will be attached to the various terms employed : 

Retaining Wall. — A vertical or inclined wall holding up a bank of earth 
or other filling placed behind it, the wall to be of such form in plaft that it does 
not return upon itself to form a continuous unbroken line. 

Cylindrical Tank. — A container that is circular in plan and is designed 
to contain liquids, or if it is used for storing granular materials is of such dimensions 
that the horizontal pressure exerted by the material at any depth is proport.ional 
to the depth. 

Bunker. — A container that is polygonal in plan, that contains either dry 
material or liquids, and is of such dimensions that the horizontal pressure at 
any depth is proportional to the depth. 

Silo. — A container that is circular or polygonal on plan, is designed to hold 
granular materials, and is of such a depth that the horizontkl pressure does not 
increase in direct proportion to the depth. 

Hopper Bottom. — The part of a polygonal container embracing the outlet, 
and in the form of an inverted pyramid, usually truncated. 

Conical Bottom. — A hopper bottom in the form of an inverted truncated cone. 

Suspended Bottom. — The bottom of a container that is proportioned so 
that under maximum loading only tensile forces arc produced ; usually in the 
form of an inverted parabola. e 

The method of calculating the horizontal pressures due to retained garth, 
and to liquids and dry materials contained in tanks, bunkers, and silos, is given 
in Chapter III, and 'ihc data ordinarily necessary for this calculation are given 
on Tables Nos. 5 and 6. The succeeding paragraphs deal with the general design 
of retaining walls and container structures, and with the calculation of the 
forces and moments produced by the pressure of the retained or contained 
materials. 

2. — Types of Retaining Walls. 

Retaining walls are essentially vertical cantilevers, and when constructed 
in reinforced concrete can be one of the following types : 

1. — Simple cantilever walls. 

2. — Counterforted walls. 

3. — Sheet-pile walls. 
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The simple cantilever wall is suitable for small and moderate h^eights, and 
can be constructed either with a base projecting backwar^^ i&der filling, 
as in Fig, 26 (a), or with a base projecting forward as in Fig. 26 (b), '^The former 
type is generally more economical. Designing methods for both types are 
discussed in Paragraph 4 of this Chapter. 

Counterforted design is suitable for high walls or great pressures. The 
slab panels span horizontally between vertical counterforts or buttresses as in 
Fig. 27(a), although in extreme cases the slab spans vertically on to horizontal 
beams (as in Fig. 27(6)) which react on the counterforts. By graduating the 
spacing of the beams the maximum bending moments in each span can be kept 




Fig. 26. — Typical Details of Simple Cantilever Retaining Walls. 


equal and the slab maintained the same thickness throughout. When the 
horizontal shearing stresses will allow, the web of the counterfort can be cut 
out as indicated by the dotted lines in Fig. 27(a). Counterfort type walls 
are designed in accordance with the same principles with regard to stability, 
sliding, and ground pressures as are simple cantilever walls, except that these 
factors are investigated for a length of wall equal to the distance apart of the 
counterforts instead of a length of i ft. 

When satisfactory bearing strata are not encountered at a reasonable depth 
below the surface of the ground in front of a retaining wall, sheet pile walls are 
usually adopted. Such walls are constructed by driving pre-cast reinforced 
concrete sheeting into the ground a sufficient distance to obtain an anchorage 
for the vertical cantilever effect and security against sliding forward and spewing. 
This type of wall is particularly suitable for waterside works, and in the simplest 
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form the sheeting simply cantilevers out of the ground, the individual pile heads 
being generally stripped and bonded into a cast-in-situ cappftig beam. 

Typical sections of sheet piles and common designs for the tongue-and- 
groove jointing that is necessary to maintain alignment during driving are given 

, OiA. 6AC 



alternative designs tor sheet pile joints 



FOLLOWING PILE STARTING PILE 

SHOES FOP SHEET PILES 
Fig. 29. — Sheet Piles. 


in Fig, 29, which also illustrates typical shoe shapes for " starting piles and 
following piles."' 

If the height of the wall and the pressure on the sheeting are such that an 
excessive pile section is required the introduction of a tie at capping beam level 
will reduce the maximum moment. This tic can be cither constructed in rein- 
forced concrete or can be a mild steel bar, properly anchored into the capping 
beam and wrapped with hessian to protect it from corrosion. The capping beam 
must be^dcsigned to span between the ties and to take the horizontal reactions 
from the top of the sheeting. The remote end of the tie should be anchored behind 
the natural slope of the ground, and the anchorage should be provided by a 
block of mass concrete, a vertical concrete plate, or preferably by an anchor 
pile. Although the force in the tie is increased, moments can be reduced by 
placing the tie at a point below the top of the wall ; a suitable beam must then 
be provided at this level. The forces and moments on sheet pile walls are con- 
sidered in the next paragraph. 

• 3. —Sheet Pile Walls. 

The forces on a simple cantilever sheet pile wall are as indicated in Fig, 28(a), 
in which Pi is the active pressure due to the filling and surcharge behind the 
wall and P, and Pj arc passive pressures producing the necessary restraint 
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moment to resist the overturning effect of Pj. The maximum moment in the 
sheeting will occilr^at some point D, and the distance L is calculated by the 
factors ki given in the column headed free " on Table No. 20 for different angles 
of repose for the ground in which the pile is embedded ; these factors, together 
with A 2 in the same column, are based on the more comprehensive range deduced 
by A. Freund. It is sufficient if the bending moment on the sheeting be calculated 
as Pi-Y, the value of being conveniently represented by the area of the trapezium 
ABCD in Fig, 28(a), which value can be determined from Table No. 5. The 
distance x locates the centroid of the area. The embedded length of the sheeting 
must be great enough to enable sufficient passive pressures to be produced, and 
the factors A a referred to enable this length to be calculated. 

When a tie is introduced at the top of the sheeting the forces acting on the 
sheeting are as shown in Fig. 28(6), which are similar to those in Fig. 28(a) 
except for the introduction of the horizontal force T in the tie. It is not simple 
to determine the variations of the pressure by mathematics with any precision, 
and therefore it is recommended that design problems be tackled in the following 
manner. The factors in the column headed “ hinged ” on TaVie No. 20 will 
give the minimum value for h for the production of sufficient restraint moment. 
The embedded length h must not, however, be less than cither of the minimum 
values required to resist forward movement of the toe or to prevent spewing. 
The sheeting will be stable if 

Ps^ > 

where P3 = total active pressure on the whole depth of the sheeting 
as shown in Fig. 28(c). 

P4 = total maximum passive pressure that can be brought* into 
play in front of the sheeting. • 

The value of P3 can be computed from the data on Table No. 5, and P4 will 
be calculated from the formula given in Paragraph 6 of Chapter III. The factor 
§ is introduced in order to allow a margin between the theoretically calculated 
passive resistance and that actually required. 

To prevent spewing in front of the sheeting the embedded length should not 

be less than 

w 

where W weight per square foot at point E of eatth and ^rcjiarge 
above this point. 

w = "weight per cubic foot of earth in front of sheeting. 

Aa — pressure factor taken from Table No. 5. 

The bending moment on the sheeting can be calculated by first determining 
L from the factors given in the column headed “ hinged ’ on Table No. 20. The 
sheeting can be considered as a propped cantilever of span L built in at D and 
propped at A and subject to a trapezoidal load represented by the area ABCD. 
This load can be divided into a uniformly distributed load and a triangularly 
distributed load, for both of which the moment coefficients can*be read off Table 
No. 7. This Table also gives the reaction on the prop, and in this case this 
reaction represents the force in the tie. Since the security of this design of wall 
depends on the efficiency of the anchorage, no risk of underrating the force in 
the tie should be incurred ; it is better to increase the force to be provided for 
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from the value given by the theoretical reactions to half the value The 

value of this force should certainly not be less than P, which is the 
unbalanced part of the outward active pressure. 

In Chapter III it was observed that the pressures behind flexible walls 
adjust themselves in such a way that the moments on the walls are reduced. 
Mr. Stroyer has put forward a formula by which the amount of this reduction 
can be assessed for reinforced concrete sheet pile walls. Without restricting the 
thickness-height ratio, this formula gives the following reduction factors, which 
arc more conservative than those put forward by the Danish Society of Engineers. 

Moment Reduction Factors for Flexible Walls 
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The case of the anchored wall illustrated in Fig. 28(b) and 28(c) assumes 
that the connection between the tie and the head of the sheeting is equivalent 
to a hinge ; that is, the moment at A is zero. If the wall is extended above 
A, cither by continuing the sheeting or by constructing a cast-in-situ wall, as 
shown in Fig. 28(d), a moment is introduced at A equal to P^z where P5 is the 
total active pressure on the extended portion of the wall AF. This moment 
will introduce a negative moment in the sheeting at A, but will reduce the positive 
moment in the sheeting between Z) and A and will also reduce the negative 
bending moment at*Z). If this moment at A is large enough to produce con- 
ditions amounting to complete fixity at A, then the span L can be calculated by 
the factors given in the column headed '' fixed on Table No. 20. In this 
case also the factor A; 2 in the same column will give the minimum embedded 
length A, but at the same time h must be sufficient to prevent spewing and 
forward movement as already described. The equation for stability will be 

The forc% allowed for in the tie will be given by 

or r = o-sPg + P5 

whichever is greater. The moment on the sheeting will be calculated from the 
pressure represented by the area of the trapezium A BCD considering the beam 
fixed at both ends and using the appropriate coefficients given on Table No. 7 
and the reduction factors already tabulated. 

When the moment at A is insufficient for complete fixity, the moments, 
forces, and values of L and h will be intermediate between those for hinged and 
fixed conditions at A. 

A horizontal slab supported on a system of king piles is sometimes provided 
at A, and this has a sheltering effect on the sheeting insomuch that if it is carried 
far enough back it can completely relieve the sheeting below A from any active 
pressure due’ to earth or surcharge above the level of A, 
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• 4. — Design of Cantilever Retaining Walls. 

The factors affecting the design of simple cantilever walls are usually con- 
sidered per foot length of wall when the wall is of uniform height, but when 
the wall is of varying height a section of convenient length, say lo ft., should 
be treated as a complete unit. The principal factors to be considered are : 

1. — Stability . — A minimum factor of safety of against over- 
turning should be allowed. 

2. — Ground Pressure . — The maximum pressure should not exceed the 
allowable pressure for the type of ground upon which the wall is founded. 

3. — Sliding . — The total vertical load multiplied by an adequate 
coefficient of friction should exceed the total horizontal pressure by at 
least 50 per cent.' For sands, gravels, rock, and other fairly dry soils, 
a coefficient of 0*4 is suitable, but for less reliable clayey soils a rib 
should be provided on the underside of the slab to ensure a more definite 
resistance to sliding. In walls of the form shown in Fig. 26(6), where 
the vertical load is always small compared with the horizdhtal pressure, 
such a rib should always be provided. 

4. — Resistance Moments . — The safe resistance moment of the stem 
of the wall should be equal to the bending moment, which can be calcu- 
lated from the pressure behind the wall, and will be a maximum at 
the top of the haunches at the base of the stem. The base slab should 
be made the same thickness as the bottom of the wall stem and the 
same steel should be provided. The base slab can be tapered as 
indicated in Fig. 26. 

Formulae giving the limiting values of the moments, forpes, and dimensions, 
etc., for simple cantilever retaining walls are given on Table No. 20. 

The tapering of the base slab in front of and behind the wall serves not 
only to economise in concrete but also to assist drainage, the consideration of 
which is of some importance in retaining wall construction, especially for walls 
that have been designed for low pressures. Wliere the fill behind the wall is 
gravel or sand, a French drain of loosely-packed rubble should be constructed 
along the base of the back of the wall, and weep-holes, 3 in. to 6 in. diameter, 
provided at intervals of about 10 ft. A weep-hole should be provided in every 
" pocket ” formed by counterforts, and the top surface of any intern^idiate 
horizontal beams should be given a slight slope away from the back of the wall. 
With backings of poor porosity, hand-packed rubble placed behind the wall 
for almost the whole length, in addition to weep-holes, materially a,ssists effective 
drainage of the filling, and since the rubble is partially self-supporting the pressure 
on the stem is to a certain extent relieved. The filling behind the wall should 
not be tipped from a height into position, but should be carefully deposited in 
shallow horizontal layers. 

Walls of greater length than, say, 100 ft. should be provided with expansion 
joints at 60-ft. to loo-ft. centres depending on the aspect and exposure of the 
wall. To provide against contraction and temperature cracks occurring on 
exposed faces of walls reinforced on the earth face only, a mesh of reinforcement, 
say, “|-in. diameter at 12-in. centres horizontally and vertically, should be pro- 
vided on the exposed face if the wall thickness exceeds 8 in. 
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5. — Cylindrical Tanks. . 

The walls of a cylindrical tank are primarily designed^ to take the direct 
tension due to the horizontal pressures of the contained materials, and if p lb. 
per square foot is the unit pressure at any depth considered the value of the 
direct tension on a ring i ft. in depth is given by 

T = o* 5/>D lb. 


where D = internal diameter of the tank (ft.). Sufficient horizontal steel must 
be provided to take this tension, and if t lb. per square inch is the safe tensile 
stress and is the area of the cross section of the reinforcement (sq. in.) 


A ji — 


T^pD 


For tanks containing liquids the value of t should be from 12,000 lb. to 14,000 
lb. per square inch, but for dry materials a stress of 16,000 lb. to 18,000 lb. per 
square inch can be allowed. These stresses and the length of overlap allowed 
on the bars ^lould be subject to the remarks in Chapter X. For cylindrical 
tanks containing liquids the thickness of the walls should be determined with 
relation to the total direct tension. In order that tension cracks should not 
localise, the tensile stress in the concrete should be kept within reasonable limits ; 
suitable maximum values of the concrete tensile stress on the total effective 
section are given on Table No. 23 for various mixes. The minimum thickness 
of the wall d, at any depth A, for any value of t adopted in the design of a tank 
containing a liquid weighing w lb. per cubic foot, is given by 

o- 042 «;ADg - 

Underground or submerged tanks will be subjected to external pressures 
due to the surrounding earth or water, which will produce direct compression 
in the walls. The stre.ss produced by this compression will be a maximum when 
the tank is empty, and will be 

A? 

2 \T 2 d + {m — 

where p^ -- intensity of external pressure at the depth considered. 

Xhi.? stress is usually well within safe limits. Unless conditions arc such 
that the permanence of the external pressure is assured, the tensional relief pro- 
vided by the compression should be disregarded altogether in the design of the 
tank when fulj. When empty, the structure should be investigated for flotation 
if it is submerged in a liquid or is in waterlogged ground. 

In addition to the horizontal tension in the walls of a cylindrical container 
the bending moments produced by fixity at the base of the walls must be con- 
sidered. Unle.ss a definite joint is made at the foot of the wall there will be a 
certain amount of continuity between the walls and the base slab that will cause 
vertical cantilever action for a certain height up the wall. In consideration 
of this problem there are three principal factors, namely, {a) the bending moment 
at the base of the wall, (6) the point at which the maximum ring tension occurs, 
and (c) the magnitude of the maximum ring tension. 

The coefficients and formulae for determining these factors given on Table 
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No. 20 are derived from Mr. H. Carpenter's simplification of Dr. Reissner's 
exhaustive mathematical consideration of the subject. In the complete study 
the shape of the wall enters into consideration, but the difference between the 
moments at the bases of triangular or rectangular walls (other conditions being 
equal) is so small that the usual intermediate case of a trapezoidal section can 
be considered the same as a rectangular wall. The error involved would partially 
offset the error of assuming perfect fixity at the junction of the wall and base 
.slab. 

The design procedure is first to determine the maximum vertical moment 
and provide an equal resistance moment at the base of the wall. This is followed 
by the determination of the maximum ring tension and the point on the wall 
at which this occurs ; .sufficient steel (and concrete) must be provided at this 
point to take this maximum tension. Above this point the steel can be uniformly 
graded down to a nominal amount, and below this point the steel can be main- 
tained equal to that required for the maximum ring tension. 

i. 

6. — Bottoms of Elevated Tanks. 

The design adopted for the bottoms of elevated tanks depends on the diameter 
of the tank and the head of water sustained. For very small tanks a fiat beam- 
less slab bottom is satisfactory, but beams are necessary for tanks from lo ft. 
up to, say, 25 ft. diameter. Alternative arrangements are indicated in Fig. 30(a) 
and 3o(/;). In Fig. 3o(^/) each beam is designed to span between opposite columns 
and takes one-quarter of the load on the tank bottom. The remainder of the 
load not taken by the two beams, together with the weight of the walls and the 
roof load, is taken directly on to the columns through the walls. In the arrange- 
ment shown on Fig. 30 (b), each length of beam between columns takes the 
loading on the shaded area, and the remainder of the loading on the floor of 
the tank together with the weight of the walls and the roof load is equally divided 
between the eight cantilevered portions of the beams. 

For huge iliainetcr tanks domical bottoms (and roofs) of either of the types 
shown in Figs. 30(c) and 30(d) arc most economical, and although the shuttering 
is much more costly the saving in material over beam and slab construction is 
considerable. The ring beams marked R take the hori/ontal component of the 
thrust from the domes, and the thicknesses of the domes arc determined by the 
magnitude of this thrust. The W'orking compressive stress in the roof domes 
should be kept low, say 20 jier cent, of the safe standard stress, in order to guard 
against localised increases due to incidental point loading or tcc non-uniform 
distribution of the superload. For the bottom domes, where the uniformity of 
the loading is more a.ssured, a higher stress can be worked to, and about one- 
half to I per cent, of reinforcement should be provided in each direction. The 
shear around the periphery of the dome should also be investigated and sufficient 
concrete thickness provided to resist the shearing forces. Expressions for the 
maximum axial thrust and vertical shear around the edge of tlte dome, together 
with the resultant ring tension in the ring beams, are given on Table No. 22. 

The Intze form of tank bottom illustrated diagrammatically in Fig. 30(d) 
produces an economical design for large diameter tanks. The outyi^d thrust 
from the top of the conical section is taken by the ring beam 5 , and the difference 



RETAINING WALLS AND CONTAINERS 83 

between the tlinist from the bottom of the conical section and th<j thrust from 
the domical section is taken by the ring beam T, Referring ag^ to Table No. 22, 
expressions are given for the forces, etc., in the various parts of such a lank 
bottom ; the proportions of the rises and diameters of the conical and domical 
sections can be so arranged that the resultant thrust on T is zero. The walls 
of the cylindrical portion of the tank should be designed in accordance with 




the principles described in the previous paragraph, due aixount being taken 
of the cantilever moment at the base of the wall and its effect as a transverse 
moment in the conical section. 


7. — Bunkers and Silos. 

The walls of bunkers and silos have to be designed to take bending moments 
and direct tensions induced by the contained material. If the wall slabs span 
horizontally they have to be designed for the combined effect of the moments 
and direct forces in accordance with the methods described in Chapter XIV. 
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If the walls span vertically horizontal steel should be provided to take the direct 
tensions and vei^Jcal steel to take the bending moments. In this case also 
the horizontal bending moments due to continuity at corners should be con- 
sidered, and it is usually sufficient if as much horizontal steel is provided at any 
level at the corners as is normally required for vertical bending at this level ; 
the maximum amount of steel provided for this purpose, however, need not 
exceed the amount of vertical steel required at onc-tliird the height of the wall. 

For walls spanning horizontally the bending moments and forces will depend 
upon the number and arrangement of the compartments. For multi-compartment 
structures the intermediate walls act as ties between the outer walls, and on 
Table No. 21 expressions are given for the negative moments in the outer walls 
of rectangular bunkers with various arrangements of intermediate walls or tics. 
The corresponding expressions for the reactions, which are a measure of the 
direct tensions in the walls, are also tabulated. 

Any particular span of an exterior wall is subject to its maximum stresses 
wlien the adjacent compartment is loaded, since in this condition it is subjected 
to both the maximum moment and maximum direct force due to the filling. 
An intermediate wall is .subject to maximum bending moment when the com- 
partment on one .side of it is filled, and to maximum direct force (but minimum 
moment) when both adjacent compartments are loaded. 

In the case of an elevated bunker the whole load is usually transferred to 
the columns by the walls, and when the .span exceeds twice the depth of the 
wall the latter can be de.signed as a beam. If the magnitude of the moment 
warrants, a comj:)re.ssion head can conveniently be provided at the top of the 
wall, but there is usually ample .space to accommodate the tcn.sion steel in the 
base of the wall. When the span between columns is Icss^ than twice the wall 
height the true beam action becomes less apparent ; the wall is then more in 
the nature of an arc h and requires reinforcement to take the tie force along 
the base of the wall. Sufficient reinforcement should be provided to take a direct 
force equal to one-quarter of the total load carried by the wall. 

In addition to the .stresses produced by vertical bending moment (if any) 
the stresses due to loads, other than the filling, carried by walls must be investi- 
gated. These loads may be due to the roof or superstructure or to cranes mounted 
above the bunker and to the weight of the wall itself. In the case of big bunkers 
the moments and forces due to wind pres.sure should be calculated, and in silos 
the direct comj^ressjon force induced in the leeward walls by wind pressure is 
one of the principal forces to be investigated, 'fhe equally important stre.ss 
due to the weight of filling sustained by friction on silo walls (sqe Chapter III) 
must be added to the stresses ])roduced by wind pressure, and at the base and 
top of the walls there may be additional bending stress^ s due to continuity with 
the base slal)s or covers. 

W here walls differ in thickness between the top and base there are a number 
of factors to consider before deciding whether the wall should be tapered 
uniformly from ^:)p to bottom or whetlier the reduction in thickness should be 
made in a number of definite steps. The shuttering is somewhat more costly 
for tapered than for stepped walls, especially in the case of circular containers. 
Stepped walls, however, ma}" induce liigli secondary stresses at the change of 
section, and since the daywork joints are usually arranged at tfie change of 
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section liability to cracking is greater. Stepping on the outside is often objec- 
tionable as providing ledges for the collection of coal, cemenf^f, or other dust 



Fig. 31. — Typical Details of Bunkers. 

that is usually in the air in an industrial works, and stepping on the inside may 
interfere witJi the free flow of the filling when emptying the bunker or silo. 

In Fig. 31 typical arrangements of reinforcement in the walls and bottom 
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of a bunkeF are illustrated, both for a structure where the walls span vertically 
and for one wh^'c they span horizontally. In the latter case the reinforcement 
will vary from a maximum at the bottom to a merely nominal amount at the 
top of the wall, and the vertical steel need only be sufficient to keep the horizontal 
bars in place ; for general cases |-in. bars at 12-in. to 15-in. centfes are satis- 
factory. In the case of tall bunkers each lift of vertical steel should not exceed 
about 10 ft., to prevent distortion due to '' whippiness.*' 

7 'hc useful life of a reinforced concrete bunker is considerably in excess of 
that of a steel or timber structure, but this life can be further prolonged by 
careful detailing. By thus reducing the liability to cracking, the concrete does 
not deteriorate so rapidly under service conditions due to abrasion from falling 
and moving coal or stone or other hard filling. If attention is given to the 
secondary stresses and care is exercised to obtain a good dense concrete, lining 
the wearing faces of the structure with tiles or plates is unnecessary except when 
there is the liability of spontaneous combustion. The top surfaces of ties and 
intermediate walls exposed to falling material should be mad^ in the form of 
an inverted V and should be protected by a replaceable metal shield. 

8. — Hopper Bottoms. 

The design of hopper bottoms in the form of inverted truncated pyramids 
consists of finding a ** centre of pressure ** and the normal pressure at this point 
for each sloping side. With a determined mean span the bending moments at 
the centre and edge of the sloping side considered can be calculated. The hori- 
zontal direct tension is then computed and the horizontal steel dett*rminecl. 
The direct tension acting along the slope at the mean qentre and the moment 
at this point are combined to find the reinforcement necessary in the underside 
of the slab at this point. Likewise at the top of the slope the moment and the 
component of the hanging-up force are combined in order to calculate the steel 
required in the upper face of the sloping side at this point. 

The centre of pressure ** and the mean span can be most economically 
found by inscribing on a normal plan of the sloping side considered a circle touch- 
ing three of the sides. The diameter of this circle is ** the mean span ** and 
the centre is the centre of pressure.** The total load normal to the slab at 
this point is the sum of the normal components of th ^ vertical ancl Irorizontal 
pressures at the centre of pressure ** and the dead weight of the slab ; the 
values of the pressures, etc., and the resulting moments, together with the direct 
tensions both along the slope and horizontally, are given on TaUe No. 22 for the 
critical parts of the structure. An example of a hopper bottom design is given 
in the " Additional Examples ** that follow Table No. 40. 

In adopting this method of design it should be remembered that, although 
the horizontal span of any side is considerably reduced towards the outlet, the 
steel should not be reduced below that determined for the “ centre of pressure,** 
since in determining the moment based on the mean span 'adequate transverse 
support from the steel towards the base is assumed. In Fig, 31 a commonly 
adopted detail of reinforcement for a hopper bottom is illustrated. 
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BRIDGES, BUILDINGS AND OTHER STRUCTURES 
1. — Structural Design. 

Anv given structure is an assemblage of members each of which is subjected 
either to pure bending or to direct forces or to combined bending and direct 
force. The designer’s art embraces not only the computation of and the pro- 
vision for the moments and forces in a given assembly of members, but also the 
arrangement o^ these members in such a way that the moments and forces 
produced are reduced to minimum values consistent with the requirements of 
the structure and the limitations of the site. In previous Chapters, in addition 
to outlining the methods of computing the moments, shears, and forces produced 
by the external loading, some indication has been given of the application of 
these methods to such structures as foundations, retaining walls, tanks, bunkers, 
and silos. In this present Chapter it is proposed to deal briefly with other types 
of structures that are met with in designing practice. The necessary sections 
required to resist the calculated moments and forces on the various parts of the 
structufe should be determined in accordance with the methods set out in later 
Chapters. • 

2. — Arch Design. 

Within the scope of this volume it is impracticable to give to arch design 
tlie detailed consideration that the subject merits and necessitates. All that 
will be attempted is to give (Paragraph 3) the data for the design* of fixed-end 
arches for those cases when the designer has a free hand in choosing the profile 
of the arch, whether the ratio of span to rise is specified or not. The reader 
is referred ^o the appended Bibliography for a list of suitable authorities that 
specially^reat the simpler problem of hinged arches and the more difficult problem 
of designing arches to specified profiles that do not approximate to parabolic. 

Arches are of two principal types, namely, " hinged ” or " fixed.” A hinged 
arch can be either hinged at both supports, or at both supports and the crown. 
A fixed arch can either be rigidly fixed at the springings, or can be partially 
fixed if it is one of a series of continuous arches. A fixed arch is more economical 
in material than a hinged arch, but the calculations usually presuppose absolute 
rigidity at the supports and freedom from settlement at these points. Unless 
these conditions can be absolutely assured it is safer to adopt a hinged design ; 
further, the design procedure for a hinged arch is much simpler than that for 
a fixed arch, since at the hinges there is no bending moment. 

Any particular section of a fixed arch, whether it be an arch rib or an 
arched slab, is subjected to a bending moment and a thrust ; the determination 
of the magnitude of these at the critical sections is the objective of the calcula- 
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tions. Arch design is a matter of trial and error since the section and shape 
of the arch rib slab enter into the essential calculations, but it is possible to 
select a preliminary section that will give results that reduce repetitive arith- 
metical work to a minimum. The following is a suggested method of determin- 
ing the possible section at crown and springing, and is based on treating the 
fixed arch as a hinged arch. Referring to Fig, 32, draw a horizontal line 
through the crown C, and find G, the point of intersection with the vertical 
through the centre of gravity of the dead load on half the arch span. Set oft 
GT equal to the dead load on the half span, drawn to a convenient scale ; draw 
a horizontal through T to intersect GS produced in R. Draw RK perpendicular 
to GR, and GK parallel to the tangent to the arch axis at S. In the same 
weight units as GT, scale off TR - Hq and GK — If c is the maximum 



allowable compressive stress in the concrete, d is the nrch thickness at the crown, 
dg is the arch thickness at the springing, and b is the assumed breadtb of arch rib 
(12 in. for an arch slab), then the following expressions approximately apply : 


d - 


ch 


cb 

Having fixed approximate sizes thus, or otherwise, a calculation is made 
to determine the thrusts and moments, and the stresses produced by these are 
computed. These stresses will determine the suitability or otherwise of the 
assumed sections. • 


3. — Fixed Arches. 


Consideration in this paragraph will be limited to symmetrical, approxi- 
mately parabolic, fixed-end arches that can be either open or closed spandrel 
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arch rib or arch slab design as shown in Fig. 33, and the treatment is based 
on Mr. H. Carpenter’s development of Dr. Strassner’s methods. In all the cases 
considered it is assumed that the axis of the arch is made to coincide with the 
line of pressure due to the dead load, which gives the most economical design 
and simplest methods of calculation. If the increase in thickness of the arch 
ring from crown to springing is a parabolic variation, only the moments and 
thrusts at the crown and springing .sections need be investigated. 

D£CK SUA& ON &EAM 



Due to the dead loading alone the horizontal thrust is given by 






R 


where = dead load per unit length at the crown 
L - span and R ~~ rise of arch axis 
and = a coefficient depending on the dead load at the springing ; 
values are given on Table I. 

Due to the elastic deformation produced by the tlirust along the arch axis 
the assumption of rigid abutments produces an anti-thrust = H ^ which, while 
slightly jreduciiig the thrust due to the dead load, renders this thrust eccentric, 
prodfleing a positive bending moment at the crown and a negative bending 
moment at the springings. If d thickness of arch at ^rown 



where is a coefficient depending on the relative thicknesses at the crown and 
springing, and values of are given on Table II. 

Due to dead load and arch shortening, the resultant thrusts Hq and Hg 
at the crown and springing respectively and parallel to the arch axis at these 
sections, are given by 
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where 0 is the angle between thc^ horizontal and the tangent to the arch axis at 
the springing. Va>ues of cos <f> for ivarious types of arches are given on Table III. 
The moments due to the ecce^^tricity of and Hg arc given by 


Me 4 k,RHjy 
Ms (*3 - i)RHj, 


For values of ^3 see Table IV. 

For arches of small rise-span 
the span, the stresses due to arch shoV 


ilatic 


atios, or with thick rings compared with 
telling may be excessive and the difficulty 
is overcome by introducing temporary Jhinges at tlie crown and springings. These 
hinges arc filled with concrete after thie arch shortening deformations have taken 
place ; this method eliminates all bemding stresses due to dead loading. 

The additional horizontal thrust j due to increase of temperature and the 
anti-thrust due to fall in temperature are given by the expression 


where t = rise or fall in temperature irjl deg. F. and where has the values given 
on Table V. If d and R are in feet, will be in lb. per foot width of arch. The 
values of are based on an elastic i^iodulus for concrete Eq = 2,000,000 and 
a linear expansion coefficient e — 0-0000066 per deg. F. If other values, say 
El and Cy arc adopted, then should Ibe multiplied by 0-076 EiCi, A value of t 
equal to 15 deg. F. is ample for struct bres in the British Isles, but careful con- 
sideration should be given to those fackors that may necessitate an increase or 
may justify a decrease in the teinperatWe range. 

At the crown the increment or decripasc in normal thrust due to temperature 
change ecpials and the moment prod uced is given by — k^REj , ; due account 
must be taken of the sign of v/nen substituting. The normal thrust at the 
springing due to temperatnrrv. cnange is given by cos<^, and whether the thrusts 
due to dead load, etc., (are augmented or decreased thereby depends upon the 
sign of ILj,. At the swinging the moment is given by (i — k^)RH,ji^ and the 
sign will be the same aa that of H^. 

The shrinkage that tJkes place when concrete hardens produces anti- thrusts 
equivalent to a drop in temperature, and with the usual sectional method of 
constructing arch rings shr\inkage may be allowed for by assuming it equal to 
a 15-deg. F. drop in temper\ature and using the formula ‘^or H,j, given above. 

The disposition of live loading on an arch to produce the maximum stresses 
on the criticaLsections follow^from a study of influence lines, and the following 
approximate conclusions have been deduced. 

(a) The maximum positivej bending moment at the crown occurs when the 
mid-third section of the arch ia loaded. 

(b) The maximum negative moment at the springing occurs when four- 
tenths oMhe span adjacent to t\ie springing considered is loaded. 

(c) The maximum positive moment at the springing occurs when the whole 
span is loaded except the length^ of four-tenths of the span* adjacent to the 
springing considered. 

The maximum bending momeJhts and thrusts are given by the following 
expressions, in which -equals the J intensity of uniformly distribqted loading 
equivalent to the specified live loac 
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Maximum positive B.M. at crown, 

hwL* 

Corresponding horizontal thrust. 

t. 

Maximum negative B.M. at springing. 

k,wL* 

Corresponding horizontal thrust. 

A 

„ vertical reaction, 

k^wL 

Maximum positive B.M. at springing. 


Corresponding horizontal thrust. 

T 2 

,, vertical reaction, 

ki^wL 


The value of the coefficients to are given in Tables VI, VII, and VIII. 
If H and V are the appropriate horizontal thrust and vertical reaction, the 
corresponding normal thrust at the springing is given by 

* r = H cos^ + vVi - cos* 

In the foregoing the live loading is expressed in terms of an equivalent 
uniformly distributed load ; for the Ministry of Transport loading, Mr. Carpenter 
has deduced the equivalent distributed loads given in Table IX for inclusion in 
various parts of the arch analysis calculations. It is of interest to compare this 
table with Fig, i, which gives the Ministry of Transport values for the distributed 
load equivalent to the standard train ; it should be remembered that the official 
figures have to be read in conjunction with a knife-edge load. 


Ta^t.e I. — Horizontal Thrust due to Dead Load 
Values of ki 


Rise -r span 


o-io 

0*15 

0*20 

0*25 

Uniform dead load 


0*125 

0125 

0*125 

0*125 

Open spandrel 


0-135 

0-145 

0144 

0*148 

Filled spandrel 


0*1 60 

0*176 

0*190 

0*204 

Table IT.— 

-Horizontal 

Thrust due to Arch Shortening 

• 

Values of 




Rise -4- span . 


0*10 

015 

0*20 

0*25 

Uniform dead load — 

• d 

- 1-25 

1*10 

1*07 

103 

0-99 


1-50 

1*42 

1*37 

T -32 

1*25 


1-75 

1*68 

1-63 

1-58 

1*53 

Oi>en spandrel ^ 

= 1-25 


I *08 

1*03 

1*00 


1-50 

1*44 


1-31 

1-27 

• 

175 

173 

1-G8 

1*63 

1-5S 

Closed spandrel ^ 

d 

1*25 

119 

113 

1*08 

1*00 


1-50 

1-53 

1*48 . 

1*42 

1*33 


175 

1*86 

1*82 

1*76 

1*69 
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Table TII. — Inclination of Arch Axis at Springing 
Values of cos 


Rise span 

0*10 

015 

0-20 

0-25 

Uniform dead load 

0-930 

0-848 

0-781 

0-709 

Open .spandrel 

0-918 

0-820 

0-740 

0-650 

Closed spandrel 

<>•893 

0-764 

0-665 

0-565 


Table IV. — Moments due to Arch Shortening and Temperature Change 
AND Eccentricity of Thrust 


Values of 


Rise : s]iaii . 



0-10 

0-15 ; 

0-20 ^ 

0-^5 

Uniform dead load 

(U .. 
Vi 

1-^5 

0-284 

1 

0-293 

0-300 

0-307 



1-50 

1-75 

0-248 

0-223 

0-227 

0-258 

0-231 

0-263 

0-235 

Open .spandrel 

ds _ 
d 

T-25 

0-270 

0-280 

0-281 

0-282 



1-50 

1-75 

0-240 

0-2 I 8 

0-243 ! 

0-220 

0-247 

0-222 

0-251 

0-224 

Closed spandrel 

d. 

d 

1*^5 

0255 

0-261 

0-265 

• 

0-270 



1-50 

J -75 

0-224 

0-200 

0-226 1 

0-200 i 

0-228 

0-200 

0-230 

0-200 


Table V. — Horizon tal Force due to Temperature Change 
Values of lo^ 


J<ise span 

o-io 

0-15 1 0-20 

0-25 

Uniform dead load =- 1-25 

d ^ 

2-54 

2-42 I 2-32 

2-22 

1-50 

3-42 

• 

3-27 3-14 

3-01 

1*75 

4-26 

4-10 3-94 

3-78 

Open spandrel -• 1-25 

d 

2-58 

2-46 ! 2-33 

2-19 

1-50 

3-49 

3-34 3 -i 8 

3-02 

1*75 

4-37 j 

4-21 4’O'J 

3-83 

Closed spandrel ^ -- 1-25 

d 

[ 

2-72 

2*53 2-38 

2-17 

1*50 

3-74 

3*55 3-34 

3*12 

1-75 

469 

4-48 4-29 

4-12 
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A able VI. — Horizontal Thrusts due to Live LoAft 



Values of A„ Ag, and An 



Rise span , 

. . . 

0-10 


0 

0 

0-25 

Uniform dead load 


oo5(j 

i 0-059 

0-059 

0059 

^8 


O-O'lO 

0039 

0-039 

1 0-039 

^11 


o-o6(> 

o-o86 j 

0-086 

0-086 

Open spandrel An 


0-062 

, 0-064 

0-065 

0-066 



0-038 

i 0 - 03 H 

0-037 

0-037 

All 


o-o88 

j 0-089 

0-090 

0-092 

Closed spandrel Ag 


0-070 

0-074 

0-077 

0080 

^*8 

A„ 


0-037 

0‘035 

0-033 

0-032 

fVll 

d. 1 

f 1-25 

0-093 

0-097 

0-098 

0-100 


1 1*50 

0095 

0-098 

O-IOI 

0-103 

d i 

‘ 1-75 

0-097 

0-100 

0-104 

0-106 




Tabie VII - -Vkktical Reactions miic to T.ive Load 
Values of Uq and 


Rise ■* span 

1 o-io 

1 - _ 

0-15 

0 

r-J 

6 

0-25 

Uniform dead load A,, 

o- 35 « 

0-358 

0 

01 

00 

0-358 

Ai2 

0-149 

0-149 

0-149 

0*149 

Open spandrel k.^ 

0-354 

0*352 

0*350 

0-349 

• *IS 

0-150 

0*151 

0*153 

0*155 

Closed spandrel A 9 

0-342 

0*337 

0-330 

0-321 

A 12 

0-160 

0-164 

0-170 

0-177 


Table Vlll. — Bending Moments dite to Live Load 
Values of 


*Rise ~ span 

o-io 

0-15 

0-20 

0-25 

Uniform dead load -* — T-25 
d 

0-0048 

0-0049 

0-0051 

0-0052 

1-50 

0-0045 

0-0046 

0-0046 

0-0047 

1-75 

0-0042 

0-0043 

0-0043 

0-0044 

Open spandrel ^ = 1-25 

d 

0-0052 

0-0054 

0-0057 

o-oo6o 

1-50 

0-0048 

0-0050 

0-0052 

0-0054 


0-0044 

0-0046 

0-0048 

0-0050 

Closed spandrel -- = 1-25 

d 

1 

0-0060 1 

1 

0-0069 

0-0077 

■■ 

0-0084 

1-50 

0-0056 i 

0-0062 

0-0068 

0-0075 

1-75 

0-0052 1 

0-0058 

0-0063 

0-0068 
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Values of 


Rise -7- span 

0*10 

0-15 

0*20 

0*25 

Uniform dead load 

II 

I 25 

0*019 

0*019 

o*oi8 

o*oi8 



1-50 

. 0*021 

0*021 

0*020 

0*020 



1-75 

0*022 

0*022 

0*022 

0*022 

Open spandrel 

II 

1-25 

0*018 

0*018 

0*017 

• 

0*017 



1-50 

0*020 

0*020 

0*019 

0*018 



1*75 

0*022 

0*021 

0*020 

0*020 

Closed spandrel 

il 

1-25 

0*017 

0*015 

0-014 

0*014 



1*50 

o*oi8 

0017 

0-016 

0*015 



1-75 

0*020 

0*0 1 S 

0-017 

0*01 6 



Values of 




Rise -J- span . 



0*10 

• 0*15 

0*20 1 

— f 

0*25 

Uniform dead load 

II 

1-25 

0*019 

0-019 

0‘0i8 

0*018 



1-50 

0*02 I 

0-020 1 

0-020 

0-020 



175 

0*022 

0*022 

0-022 

0-022 

Open spandrel 

_ 

d 

1-^5 

0*020 

0-021 

0*021 

0*021 



1-50 

0*022 

0-023 

0-023 i 

0*023 



175 

0*024 

0-025 1 

0-025 ; 

0*025 

Closed spandrel 

li 

1-25 

0*024 

0*025 

0-025 1 

0*026 



1-50 

0*026 

0-027 

1 

0*028 j 

0*028 



175 

0*029 

0030 

0-031 1 

0*031 


Table IX. — Ministry of Transport Loading Expressed as Eouivai.ent Uniformly 
Distributed Load (lb. per sq. ft.) 

Span of arch (ft.) .... 50 


Horizontal Thru.sts : 

Max. Pos. B.M. at crown . 450 

Max. Neg. B.M. at springing 300 

Max. Pos. B.M. at#springing 370 


Vertical Reactions : 

Max. Neg. B.M. at springing 400 

Max. Pos. B.M. at springing 340 


Bending Moments : D = 2 ft. : 

Max. Pos. B.M. at crown . 600 

Max. Neg. B.M. at springing 400 

Max. Pos. B.M. at springing 320 

Bending Moments : D = 4 ft. : 

Max. Pos. B.M. at crown . 480 

Max. Neg. B.M. at springing 380 

Max. Pos. B.M. at springing 290 

D = thickness from road surface to soffit of arch at crown. 


100 

150 

200 

300 

270 

260* < 

260 

250 

240 

290 

2 Go 

250 

290 

260 

• 250 

280 

270 

250 

390 

350 

320 

310 

290 

275 

280 

270 

260 


• 


360 

325 

200 

300 

280 

270 

270 

260 

260 
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An example of the application of the foregoing analytical method of determin- 
ing the moments and forces in an arch ring indicates the procedure. 

Data. — fixed ended arched slab ; open spandrels. 

Span : 150 ft. (measured horizontally between the intersection of arch axis with 
springing section). 

Rise : 22 ft. 6 in. (being the rise of the arch axis within the 150-ft. span). 

Slab thickness : 3 ft. 4J in. at springing, 2 ft. 3 in. at crown. 

Dead Load : 250 lb. per square foot, excluding the weight of the arch slab. 

Live Load : Ministry of Transport loading, which for the example in hand can 
be considered as equivalent to the following uniform loadings 
(see Table IX) : 

Horizontal thrusts and vertical reaction: 260 lb. per square foot. 
Maximum positive crown moment : 350 lb. ,, ,, 

Maximum negative springing moment : 290 lb. ,, „ 

Maximum positive springing moment : 270 lb. ,, „ 

Temperature range : i 15 deg. F. ; Eq— 2,000,000 ; e “ 0-0000066. 

Shrinkage : equivalent to temperature drop of 15 deg. F. 

Factors. — Rise : span ratio = = 0*15 

Thickness at springing dg _ 3*375 _ 

Thickness at crown d 2-25 ^ 

Dead load at crown : as above =- 250 lb. per square foot. 

27-in. slab 338 lb. 

Total : == 588 lb. ,, ,, 

Angle of inclination of arch axis at springing (from Table III), 
cos p 0-820. 

A strip of slab 12 in. wide will be considered. 

Horizontal thrusts due to dead load, etc, : 


Dead load {Table \) H — 0-140 X 

588 X 

150® 

22-5 

== 

82,200 lb. 

Arch shortening {Table II) = 

• 

- I- 39 | 

(2-25' 

[22-5, 

.2 

J 82,200 = 

- 1,145 lb. 

Temperature change {Table V) Hrj. = 

■ ± 3-34 X : 

X 2-25 X 15 




-- 

± 1,130 lb. 

Shrinkage (as for temperature) 



— 

— 1,130 lb. 

Crown : Maximum positive B.M. 



Moment 

Thrust 



in. lb. 

lb. 

Dead load and arch shortening 





He 82,200 — 1,145 = 




80,855 

{Table IV) 





Me = 0-243 X 22-5 X 1,145 

X 12 


= 75.100 


Temperature drop : thrust Hj, as 

above 



— 1.130 


{Table IV) 
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Shrinkage (as for temperature) 

74.300 

- 1,130 

Live load {Tables VI and VIII) 



Thrust : 0-064 X 260 x 


16,620 

22-5 

B.M. : 0*00050 X 350 X 150^ X 12 

= 473 iOoo 


Total Moment and thrust: 

696,700 

95.415 

Springing : M aximum negative Moment : 

Moment 

Thrust 


in. lb. 

lb. 

Dead load and arch shortening : 

82.200 

1.145 X 0-820 -. 


99,260 

M^{Tuhle IV) - 0*757 x 22*5 X 1,145 X 12 = 

= - 234,200 


Temperature drop : 

1- 


Thrust — 1,130 X 0*820 


- 925 

B.M. (I'ahle IV) - 

-■ 0757 X 22-5 X 1,130 X 12 = 

~ — 231,000 


Shrinkage (a.s for temperature) 

- 231,000 

- 925 

Live load {Tables VI, V!I, and VIII) 

II ■ 0-038 X 260 X ■- 9,880 

22-5 

0-352 X 2O0 X 150 - 13,700 

Normal tlirust ^ 



(9,880 X 0*820) - 1 - (13,700 v'l — 0*820“) 


12,580 

Moment 0*0195 X 290 x 150^ X 12 

— 1,528,000 


Total Moment and thrust : 

— 2,224,200 

109,990 

Springing: Maximum positive Mojnent: 

Moment 

Thrust 


in. lb. 

lb. 

Dead load and arch sliortening as before 

- 234,200 

99,260 

'remperature rise and shrinkage neutralise. 

Live load {Tajdes VI, VII, VIII) 

11 0*089 X 260 X 23,150 

V - - 0*151 X 260 X 150 5,900 

Normal thrust : 

(23,150 X 0*820) + 5,9ooV^ I — 0*820^ 


20,928 

Moment "= 0*0226 x 270 x 150^ x 12 

1,650,000 


Total Moments and thrusts : 

1,415,800 

120,188 


With the corresponding thrusts and moments thus determined the area of 
reinforcement and tlie stresses at crown and springing are found in accordance 
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with the appropriate methods described in Chapter XIV. There only then remains 
to determine the intermediate sections and the profile of the arch axis. If the 
dead loading is uniform throughout (or practically so) the axis will bfe a parabola, 
but if it is non-uniform the axis must be shaped to coincide with the line of pressure 
for dead load. The latter can be plotted by force and link polygons (after the 
manner of ordinary graphic statics), the necessary data being the magnitude of 
the dead loading and the value of the horizontal thrust due to dead load and 
vertical reaction (which equals the dead load on half the span) at the springing. 
The line of pressure, and tlierefore the arch axis, being established, and given 
the requisite thicknesses of the arch at the crown and springing, the lines of 
the extrados and intrados can be plotted to give a parabolic variation between 
the two extremes. Thus, the thickness (normal to the arch axis) at any point 
is given by [(d^ — d)r -f- d] where r has the following values : 


Kalio of (lislancc of point from springing measured along arch axis to lialf 
length of arch axis 

t . 1 

i 

\ 

1 

Value of y j 

o- 5 f .3 

0-250 

0063 


4. — Girder Bridges. 

Certain aspects of the design of girder bridges have already been dealt with, 
viz. loading for road bridges, wind loading, pavement loads, dispersal of wheel 
loads and width of slab considered as carrying a point load (all in Chapter II), 
influence lines for point loads passing over a system of continuous spans, etc. 
(Chapter IV). Briciges of less than 15 ft. width are most economical if the deck 
slab is spanned transversely between two outer longitudinal girders. These 
girders may be the parapets of the bridge^ but for major structures the use of 
the parapets as principal structural members is not considered good practice. 
If the width of the bridge exceeds 15 ft. the most efficient design is produced by 
providing several longitudinal girders, usually spaced at about 7-ft. centres for 
bridges designed for the maximum loadings. The roadway is generally a multiple 
of 10 ft. in width, and the deck slab is designed for one or more maximum wheel 
loads placed in such positions as to give maximum moments. The longitudinal 
girders are subjected to maximum bending moments when a train of wheels 
is directly over the beam and a parallel train as near the forjner train as possible. 

Footpaths are sometimes cantilevered off the principal part of the structure, 
and water, gae, and electric services are generally installed in a duct provided 
under the footpaths. 

Girder bridges do not usually exceed 50 or 60 ft. in span, as beyond this 
limit an arch design is generally more economical. Even when a bridge has 
an arch-shape soffit, if the span-rise ratio exceeds ten, or if it is impracticable 
to provide adequate abutments to take the thrusts from an arch design, it is 
usual to design the bridge as a girder construction ; in assessing the bending 
moments in such a case it is essential to take into account the variation in 
moment of inertia (Chapter IV), since the inertia is usually considerably higher 
at the supports than at the crown. The moment of resistance at midspan should 
be about 25 per cent, in excess of the calculated bending moment at this point 
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to allow for injcrcascs due to slight settlement of supports and for other variations 
from the design assumptions. 

5. — Bridge Piers and Abutments. 

The piers for girder bridges are usually only subjected to vertical loading 
due to the reactions from the girders ; the abutments of girder bridges have 
to be designed for the vertical reaction from the ends of the girders and the 
horizontal thrusts due to earth back-filling. It is usual to provide the girders 
with a sliding seating on the Jibutments unless continuity with the abutments 
has been assumed. 

The piers and abutments of arch bridges have to be designed to take both 
vertical reactions and the horizontal thrusts from the arches. Stability is 
obtained by constructing massive piers in plain concrete or masonry, or by 
providing tension and compression j)iles, or by a cellular reinforced concrete 
box construction filled with earth. Part of the horizontal thrust on the abut- 
ments can be resisted by the active (or passive) earth pressure bejiind the abut- 
ment, but in the case of fixed arches passive pressure should only be assumed 
when the structure reacts upon solid rock abutments, and care should be exer- 
cised before considering the counter-thrust from active earth pressure to ensure 
that this pressure will always be effective. Adequate resistance to sliding 
should be assured, and the possibilities of uplift from water-pressure should be 
investigated. 

Mid-river piers, if not protected by independent fenders, should be designed 
to withstand blows from passing vessels or floating debris, and should be provided 
with cutwaters. 


6. — Building Details. * 

The floors of buildings are either beam and slab construction or mushroom 
(flat slab) construction (Chapter IV). If the spans of the slabs between the 
beams exceed lo ft. it is more economical to provide a hollow-tile floor, which 
is light in weight and uses less concrete. Such a floor consists of a thin top 
slab (il in. to in. thick) overlying a series of concrete ribs extending the full 
thickness of the floor construction. These ribs may be provided at 6-in. to 
24-in. centres and may be from 2 in. to 5 in. wide. The spaces between the 
ribs can be kept open, but in order to simplify the shuttering they affe ysually 
filled with hollow clay tiles (comparable with permanent shuttering). The 
combined depth of the rib and slab is determined in the same way as the depth 
of a solid slab, and the thickness of the top slab is made sufficient to provide 
adequate compression area. The tensile steel is located in the bottom of the 
rib, usually a single bar of sufficient diameter in each rb. The space or tile 
between the ribs merely replaces the useless concrete below the neutral axis. 
There are several proprietary types of hollow-tile floor construction, but the 
simplest construction is not covered by patents. 

Concrete roofs can also be constructed economically on this principle. 
Although expensive in shuttering, domed roofs also lead to light-weight con- 
struction ; the forces produced and method of design of such a type have already 
been dealt with when considering tanks (see Chapter VII). V^en asphalt is 
not specified for roofs, weather-tightness can be assured by treating the top 
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surface of the concrete slab with one coat of cement grout, two^coats of tar, 
and a generous sprinkling of sand. The grout should be dry before the tar is 
applied, and the first coat of tar should be dry before the second coat is applied ; 
the sand should be laid while the second coat is wet and a J-in. layer of sand 
is not unduly thick. Roof slabs should not be less than 4 in. thick whether treated 
for watertightness or not, and should be laid to a fall of i in. in 10 ft. to facilitate 
drainage. 

Holes formed in roof or floor slabs should be trimmed on all sides with rein- 
forcing bars, unless the hole is large compared with the span of the slab (for 
example, stair wells or lift openings), in which case trimmer beams should be 
provided. When the holes arc small, as in manholes in tank roofs, ventilation 
ducts, etc., the cross-sectional area of the trimmer bars placed parallel to the 
principal reinforcement should be at least equal to the area of principal reinforce- 
ment cut out by the hole. Other trimmer bars ne^d only be nominal in size. 

Stairs can be designed to span transversely or longitudinally. When spanning 
transversely (parallel to the nosings) supports must be provided at both sides 
of the flight, (either by providing walls or stringer beams. In this case the 
waist ” or thinnest part of the stair construction need only be, say, 3 in. thick, 
the effective lever-arrn for resisting the bending moment being about one-half 
the maximum thickness from the nosing to the soffit measured normal to the 
soffit. When spanning longitudinally the thickness of slab required to resist 
bending determines the thickness of the '' waist.” The loadings for which 
stairs should be designed have been discussed in Chapter II, and the bending 
moments should be calculated from the total weight of the stairs and the total 
superimposed load combined with span as measured on plan. The stresses 
produced by the longitudinal thrust are only small and are usually neglected. 
Unless circumstances dictate otherwise a reasonable profile for a step is 7 in. 
rise with 10 in. tread. 

As an example of the design of a simple flight of stairs by the alternative 
methods, consider the problem illustrated in Fig, 34. 

[a) The flight supported by longitudinal stringers along both edges ; assume 
a minimum ” waist ” of 3 in., as in Fig. 34(«). 

Clear span 4 ft. Effective span = 4 ft. 6 in. 

yead load : Step =iiX7Xj 38i lb. per ft. run of step. 

• Waist -= 13J X 3 = 402 

Granolithic = | x n - = • » 

* 84!^ »» 

Live load : See Table No. i. = yj- x 120 ~ no ,, ,, ,, 

Total load = 194 J ,, ,, ,, 

B.M. == i X 195 X 4-0 X^ 4'5 X 12 = 5,260 in. lb. 

Alternative B.Iifoj^witt^oo lb. central point load ; 

= (i X 85 X : 4 'o X 4’5 X 12) + (i X 300 X 4-5 X 12) = 6,35oin. lb. 

Effective depth = 3 J in. approx. ; assuming maximum stresses of 17,000 
and 700 lb. per square inch, from Table No. 27 ^ = 1167. 

R.M*. of compression = 1167 X 13-5 X 3-5^ = 21,200 in. lb. 


H 
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If this rosistance moment did not equal or exceed the applied bending moment, 
it would be necessary to provide top steel or to increase the effective depth by 
increasing the "'waist'* dimension. 

Area of reinforcement 


= 0*123 sq. in. say, one J-in. bar per step. 


^ 6>3_5o _ 

0-87 X 3-5 X 17,000 
(b) The flight supported at the top and bottom on trimmer beams (or walls), 
beyond which tlie flight is continuous with landing slabs as shown in Fig. 34(6). 



(a) 5UPPOCTEO ON STPINGER BEAMS. 



(b) SP^NNIN<^ BETWEEN BEAMS ^ AND B . 
Fig. 34. — Simple Stair Designs. 


Assume 6-in. waist ; lienee minimum effective depth 5*25 in. Effective 
span = 12 ft. 

Dead load : Step ii x 7 X J 38 i lb. per ft. run of step. 

Waist 13J X 6 " 81 

Granolithic - ii x J ,, ,, „ 

Live load 120 x \ l no 


Total load 


= 235 
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loi 


Total load on ft. width of flight (12 steps net) === 12 X 235 = 2,820 lb. 

B.M. = iV X 2,820 X 12*0 2,820 ft. lb. 

From Table No. 30 : Minimum effective depth = o-0926V282o = 4-93 in. 

Principal longitudinal reinforcement 

= sq- i"- say. fin- bars at 5-in. centres. 

Curtain, panel, or filling walls in building structures, that is, walls not designed 
to take vertical loading or horizontal pressures, should be made not less than 
4 in. thick for constructional reasons, and should be reinforced so as to span, 
if necessary, across their shortest dimension. Usually nominal reinforcement, 
say, iJ-in. bars at i2-in. centres placed horizontally and vertically on both faces, 
is sufiicieiit. Heavier bars should be provided above and at the sides of all door 
and window openings, and |-in. bars 3 ft. long should be i)laccd diagonally across 
the corners of all such openings. ^ 

Plain walls of any great height should be avoided as, apart from the pro- 
vision of an architectural feature, the formation of a cornice, band, ridge, or 
otlier break forms a convenient position for a construction joint and also a support 
for the shuttering above, as well as providing an o])portunity for correcting any 
errors in vertical alignment. 


7.— Industrial Structures. 

Utility rather than appearance is the predominant factor in the design of 
structures in connection with colliery works, steel works, by-product and gas 
works, quarries, and other essentially industrial plants, although some attention 
is given to the architf'cture of such prominent structures as water towers, cooling 
towers, and tall bunkers. In addition to the capability of the various members 
to sustain the principal moments and forces to wliich they arc subjected, there 
are other considerations peculiar to each type of industrial structure. Vibration 
must be allowed for in the design of the substructures for coal screening and 
stone crushing and screening plants. Impact and extra security are obtained 
in pit-head gear design by adopting a factor of safety of ten. Watertightness 
is an essential quality required in slurry basins, coal draining bunkers, settling 
tanks, an^ similar hydraulic structures, while airtightness is essential in gas 
purifier!) and in airlock structures in connection with colliery work. The freedom 
of concrete from corrosion by the fumes that are inseparable from certain industrial 
processes is one of the qualities that recommend the material for industrial 
construction, but protection is needed to prevent contact with certain liquids 
(sec next Chapter). Provision should be made for expansion in connection with 
steelworks, coke ovens, gas retorts, etc. Boiler foundations, especially on clay, 
should be made sufficiently thick to prevent undue heating and drying out of 
the subsoil. Firing floors, coke benches, and rolling mill floors should be pro- 
tected from extreme temperatures and abrasion by being covered with steel 
plates. • 

Structures in mining districts should be designed to resist the moments 
and forces produced by a not unreasonable settlement of part of the ground upon 
which they ace founded. Thus raft foundations that have at any section equal 
resistance to negative and positive moments are commonly adopted. If isolated 



102 


REINFORCED CONCRETE DESIGNERS' HANDBOOK 


foundations care provided, as for gantries, the beams should be designed for 
freely-supported moments at midspan, although some negative moment should 
be allowed for over the supports. 


8. — Chimneys. 

The two principal loadings on a chimney are the horizontal wind pressure 
and the dead weight of the stack. At any section the cantilever bending moment 
due to the former is combined with the direct force due to the weight of the 
chimney above the section considered to find the maximum stresses. Suitable 
values for wind pressures on square, octagonal, and circular stacks are given 
in Chapter II, and an example showing the method of determining the stresses 
is described in Chapter XIV, Paragraph 8. Generally the preliminary determina- 
tion of the section required is a matter of trial and error, but Messrs. Taylor, 
(denday, and Faber have established the following expressions for circular stacks : 

M W • 

Total area of steel required ~ r 

^ ar h 

M W 

Total thickness of concrete = — v + j * 

cr^ dr 

where M and W arc the moment and direct force at any section and r is 
the mean radius at the section ; the factors, a, h, c and d have the following 
values : 


Stress in cuncrctc, lb. per square inch | 

600 

600 

600 

400 

Stress in steel, lb. per square inch . 

12,000 

I .|,000 

. 16,000 

1 6,000 

ii 

6,408 

7.551 

8.685 

8,600 

b 

7 . 77 <> 

8,990 

10,230 

9,698 

c 

00 

3.409 j 

2,807 

1.376 

d 

1 . 37-2 

1,410 

1,419 

911 


Since the heat of flue gases in the stack reduces the strength of the concrete 
(principally by causing slow deterioration in the cement) it is essential ^to keep 
the stresses in the steel and concrete low in those parts of the chimney that are 
not lined with firebrick. Throughout the construction, and especially where 
the fumes can come in contact with the concrete, the concrete should be well 
compacted and of low water content to ensure a dense concrete that will limit 
reaction between sulphurous fumes and free lime to rurface <3ffect only. 

It has been suggested that firebrick linings should be provided wherever 
the anticipated temperature of the flue gases exceeds 750 deg. F. ; below this 
temperature ordinary crushed stone or ballast aggregates are satisfactory. 
Linings will not prevent considerable temperature rise in the concrete walls, 
and therefore in all parts of the structure liberal and reasonably closely spaced 
vertical and horizontal bars should be provided to resist the tendency to cracking 
due to the difference of temperature between the inner and outer faces of the 
stack. 
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9. — Culverts. 

The bending moments produced in rectangular culverts of normal design 
are determined by considering the four sides as a continuous beam of four spans 
with the moments at the end supports equal ; thus by applying the Theorem 
of Three Moments three equations containing three unknowns are obtained for 
unsymmetrical loading. The loading can be conveniently divided into the 
following components : 

{a) Uniformly distributed loading on lop slab and equal reaction from 
earth below bottom slab. 

{h) Superimposed point loads on top slab and equal reaction from 
earth below bottom slab. 

[c) Upward pressure on bottom slab due to the weight of the walls. 

{d) Triangularly distributed horizontal pressure on walls due to earth. 

{e) Uniformly distributed horizontal pressure on walls due to earth 
and surcharge. 

(/) Internal horizontal pressure from contents of culvert. 

These loads are indicated in Fig. 35 and the bending moments at the 
corners due to the various types of loading can be found from the following 
formulae which are applicable when the thickness of the top slab, walls, and 
bottom slab arc practically equal : 

rr 

For all formulae : k 

JL^ 

For all loadings : = M„ ; ■ - Mjy 

All moments expressed in ft. lb. per foot run of culvert. 

Loading as^in Fig. 35(«), = Mo 

Loading as in Fig. 35(6), d — width of slab assumed to be support- 
ing point load. 


Mj. = - 

WL 

2 k + 4-5 



rzd 

Jk + 3 )(^ + 

i)_ 

Mn = - 

WL 

k + 6 


* I) 

24d 

JkTW +■ 

J 

+ 

11 

12 

k 

jk + 3 )(k + 


= - 


3 + 



12 

jk + 3 )(A + 


M — 

M! 

(2k -r 7)A 

• 


60 

(k + 3 )(* + 

T)_ 

— — 

bMl 

" (3A + 8)A! 

- 


60 

(A + 3 )(^ + 

T)_ 

Ma-=- 

- 7r-~ r = Mn 

12 + l) " 


Moments 

as for loading in 

Fig. 

reverse 

sign. 



Moments 

as for loading in 

Fig. 

reverse 

sign. 




35 (rf), but 
35(«). but 
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The loading on the top slab would include the weight of the filling, any 
unifonniy distributed superload, and the weight of the top slab. Wlien a trench 
has been excavated in consolidated ground for the construction of the culvert 



U)l PEC ft.2 iti Per FT.* 

Ld 

Co) Cb) 



P 3 PER FT. * 

(f^ Cq) 


Fig. 35. Loading on Culverts. 


and the depth from the surface of tlie ground to the roof of the culvert exceeds 
3/v, it is permissible to take the maximum load on the culvert roof as due to a 
head of earth equal to 3/.. Although the roof of a culvert passing through 
even a newly-filled embankment is probably not subjected to the weight of the 
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full head of earth above the roof, there is little reliable data of the actual 
loading carried, and therefore any load reductions due to earth arching " 
should be made with discretion. If there is no filling and the wheel loads 
or other point loads can bear directly on the roof of the culvert, the total 
point load should be considered as carried on a certain width of slab (= d) as 
determined by the methods described in Chapter II. The point load effect is 
somewhat modified if there is any filling above the culvert roof, and if the depth 
of filling is D the point load W can be considered as spread over an area of 4D2. 

When D equals or exceeds the point loading is equivalent to a load of lb. 

per square foot uniformly distributed over a length of culvert equal to 2D. 
For values of D intermediate between \ and zero the moments will be some- 
thing between those due to a uniformly distributed load and a central point 
load. 

The weights of the walls of the culvert can be assumed to be resisted by a 
uniform upward ground pressure as in Fig. 35(c). The weights of the bottom 
slab and the contents of the culvert arc resisted directly by equal reactions from 
the ground below the slab and thus do not produce bending moments, although 
these factors must be taken into account when assessing the maximum ground 
pressures. The horizontal pressure due to the fluid contents of a culvert would 
produce an internal triangular loading as shown in Fig. 35(/), or even a trapezium 
load distribution if the surface of the water outside the culvert is higher than 
the roof. 

The magnitude and distribution of the horizontal pressure due to the earth 
against the sides of the culvert would be calculated in accordance with the 
formulae given in Chapter III. 

The maximum bending moments at the various critical sections of the culvert 
can be calculated by considering the possible incidence of loading, and generally 
there are only two conditions to consider : 

[а) Culvert empty ; full loading and surcharge on top slab {Fig. 35(a) 
and/or 35(^-^)), dead weight of walls {Fig. 35(c)) and maximum earth pressure on 
walls {Fig. ^${d) and Fig. 35 (<^))- 

(б) Culvert full ; minimum loading on top slab {Fig. 35(a)) and minimum 
(or zero) pressure from earth on walls {Fig. 35(^f) and 35(c)), dead weight of 
walls, 35(c)) and maximum horizontal pressure from contents of culvert 
(I'k- i 5 (f) and Fig. 35 (<?))• 

In special circumstances these conditions may not produce the maximum 
positive or negative moments at any particular section, and the effect of every 
probable combination should be considered. With the moments should be 
combined the direct thrusts and tensions due to various loadings. 

10 . — Roads. 

Reinforced concrete roads can be divided into two classes : 

{a) Reinforced concrete slabs underlying macadam, granite sets, asphalt, 
wood blocks, or other surfacing. 

{h) Reinforced concrete slabs that form the complete road. 

With either type the ground upon which the slab is laid should be carefully 
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prepared. All vegetation or patches of existing roads should be stripped off 
the site and hollow places filled with earth laid in superimposed layers 8 in. to 
12 in. thick. Each layer should be well watered and rolled, a suitable weight 
for the roller being about 5 tons. Where the whole site has to be filled to the 
formation level of the road the filling should be left for about two months to 
settle before the concrete is laid. In awkward places where a, roller cannot 
operate a rammer weighing up to J ton and operated by several men should be 
used. Immediately before the concrete is placed the ground should be tamped 
with a ^'Cwt. hand rammer and well watered. When the surface lacks homogeneity 
it is advisable to roll in a layer of hardcore, and for very dry, dusty, or sandy 
surfaces the application of a thin layer of lean concrete will prevent the water 
in the slab concrete from soaking into the ground. If the top of the ground 
is shaped in conformity with the camber of the finished road surface, the 
advantages of improved formation, drainage and economy of concrete accrue. 

For all-concrete roads the slab can be from 4 in. to 8 in. in thickness, depend- 
ing on the weight of traffic and the type of subsoil ; the rcinfor(jement should 
be between 6 lb. and 10 lb. per square yard, provided in a single layer in the 
bottom of the slab. With exceptionally heavy traffic on poor subsoils a layer 
of reinforcement in the top and bottom of the slab giving a total weight of 10 lb. 
to 15 lb. per square yard may be required. The provision of fabricated mesh 
reinforcement merits consideration in preparing road designs, and if cold-drawn 
hard steel is used a weight equal to only two-thirds of the required weight of 
rolled mild steel is necessary. 

The arrangement of the reinforcement depends on the width of the road 
and spacing of the transverse joints. If these joints are at distances apart equal 
to the width of the road the steel should be arranged to .give equal strength 
in both directions (square mesh), but if transverse joints are not provided, or are 
provided only at long intervals, at least nine-tenths of the total reinforcement 
should be parallel to the length of the road. For intermediate size panels an 
intermediate ratio between 0-5 and 0-9 of the total steel should be placed 
longitudinally. 

The transverse bars should be bent up into and be attached to the longi- 
tudinal bars in the kerb if this is cast monolithic with the main slab. Often 
a granite kerb set on an independent mass concrete base is provided. If the 
ground under the edges of the road slab is likely to be affe'^ted by ground water, 
frost, etc., the oute^ 2 or 3 ft. of the slab should be tapered from the normal 
thickness to 2 in. or 3 in. more at the extreme edge. 

The concrete for road foundation slabs should be not less rich than Mix C 
(see Table No. 23), and for all-concrete road construction not leaner than Mix E, 
For the wearing surface, gravel or other rounded aggrv,gates are definitely not 
advocated and a hard crushed stone should be used. In districts where such 
crushed aggregates are costly an economical and durable road slab can be obtained 
by making the bulk of the slab of Mix C concrete with a selected gravel aggregate, 
and the top in. of Mix E concrete with a crushed granite ‘aggregate graded 
from i in. to J in. and clean coarse sand. The grading of sand and aggregates 
suitable for road work are given in Chapter IX. 

Exposure to weather and abrasion from traffic impose a severe, test on con- 
crete used for roads, and thus every reasonable precaution to attain a high 
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standard of excellence should be taken. The water content should be subject 
to strict control and slump tests should be periodically made, the maximum 
slump being never more than i J in. and the nearer zero as practicable the better 
(see Chapter IX). Some specifications require the water content to be from 
8 per cent, to 10 per cent, of the weight of the dry materials. For small water 
contents it is essential adequately to mix the materials, and the best practice 
calls for dry mixing for half a minute, and, after admitting the water, wet mixing 
for I to ij minutes with a drum speed of 15 to 20 revolutions per minute. 

When the concrete has been placed it should be well and continuously tamped 
by hand or mechanical tampers in order to bring to the surface the small amount 
of excess water previous to the immediate commencement of the finisliing opera- 
tions, the first of which is further tamping of the concrete surface with a limber 
beam shaped to the required camber of the finished profile. This beam is usually 
about 2 in. wide, extending the full width of the road, and worked off the side 
forms. This operation should be followed by further consolidation by a wide 
roller weighi^ about i cwt. dragged transversely across the slab by workmen 
standing at the edges. There should then follow the minor operations involving 
surfacing by hand at joints, accidental hollow places, etc., previous to the final 
operation of drawing a canvas belt to and fro across the surface of the concrete. 
After the initial set has taken place the slab should be flooded with water, and 
later completely covered with a few inches of sand or earth from the excavation. 
This covering should be maintained saturated for about three weeks, and the 
road should not be opened to traflic until one month after pouring ; in frosty 
weather this period should be lengthened. If rapid-hardening Portland cement 
or aluminous cement has been used the interval can be reduced. 

Although many concrete roads are constructed without transverse joints 
the provision of such joints, and in wide roads a central longitudinal joint, assists 
in eliminating temperature cracks, shrinkage cracks, and the opening of con- 
struction joints. A convenient interval between joints is 30 ft., and the end 
of each day's concreting operations should coincide with a joint. A clear gap 
of about i in. should be left between the faces of adjacent panels and the space 
filled with a bitumastic material. The filling material is often in the form of 
sheets or strips shaped to the profile of the road and kerbs and projecting from 
the joint so that it can be flattened down on the top surface of the slab, as shown 
in Fig, ^(e), to protect the top edges of the panel faces. In the centre of the 
slab, and at intervals of about 2 ft. 6 in. across the width of the road, i-in. bars 
2 ft. or 3 ft. long should project horizontally from one panef to connect with the 
succeeding panel ; these bars are usually greased in order to allow free expansion 
while preventing any one panel rising relatively to its neighbour. 

11. — Joints in Concrete Construction. 

Joints in monolithic construction are required to allow free expansion due 
to temperature changes, as in roads, retaining walls, and long buildings, or to 
provide for unrestrained deformation under loading as in the case of vertical 
walls of cylindrical containers. In Fig, 36 are illustrated a number of typical 
designs for joints for various purposes ; the diagrams should be self-explanato^3^ 

If the joint indicated at {b) is adopted there is no need to provide for vertical 
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Cf) Altebnative to (d) 


bending in the lank wall. At (a) the profile of a slab construction joint is 
indicated ; such joints when at right angles to the principal reinforcement should 
be formed at mid-span of the slab ; the reinforcement should cross the joint 
without interruption. This joint is applicable to suspended slabs, but for slabs 
laid directly on the ground (not forming part of a raft), construction joints should 
be made permanent joints in predetermined positions. Figs, 36 (d) and (/) show 
designs for such joints making definite breaks in the continuity of the slab. For 
very firm subsoils (/) can be adopted, the copper strip being inserted if the joint 
is to be watertight (as in swimming bath floors). The pad in (d) prevents one 
panel settling relative to the other when laid on soft ground. The joint can be 
filled with bitumen sheeting, unless it should be watertight, when hot asphalt 
should be used. 




CHAPTER IX 


CONCRETE MATERIALS, MIXES, AND STRESSES 

1. — Quality of Cement. 

A KNowLEDCfic of tlic properties and variation of quality of the materials he 
intends using is essential to the concrete engineer, and the importance of employ- 
ing the most suitable materials in correct relative quantities in the manufacture 
of the concrete calls for no emphasis. The essential qualities of the sand, stone, 
and cement *are laid down in all regulations and specifications. 

The physical and chemical properties of the cement are adequately set out 
in the British vStandard Specification for this material, the 1931 edition of which 
requires a 3 to i mortar to have a minimum strength of 300 and 375 lb. per square 
inch at 3 days and 7 days respectively. The requirements for fineness stipulate 
that not more than 10 per cent, shall be retained on a sieve having 170 meshes 
to the square inch and not more than i per cent, on a 72-mesh sieve. Of equal 
importance to the contractor as to the designer is the stipulation that for slow- 
setting (or normal) cements the initial set shall take place not less than 30 minutes 
after mixing, and^final set not more than 10 hours after mixing. The corre- 
sponding times for quick-setting cements are 5 minutes and 30 minutes. The 
specification also gives the limiting percentages of the constituents in the com- 
po.sition of the material, and details and limiting results of the Le Chatelier 
test. An optional test on neat cement briquettes that should attain a tensile 
breaking strength of 600 lb. per square inch at 7 day-> is also prescribed. 

In addition to these tests there arc certain other requirements that arc not 
given in the B.S.S. and which, if not absolutely necessary, arc desirable for impor- 
tant work. Pats of neat cement should be made and placed on a piece of glass. 
The thiffkncss of the pat should not exceed I in. and when set the pat should 
be immersed in water for seven days. At tlie end of this time the specimens 
should not show any signs of cracking, buckling, or “ flying.*’ When broken 
the sections jjhould be of uniform colour and hardness, without any indication 
of surface flaking. 

Faija’s test is another useful indication of the quality of the cement. Pats 
of neat cement are placed in a moist air bath for four hours and thereafter immersed 
for 20 hours in water at a temperature of about 115 deg. F. At the end of this 
treatment the specimens should show no signs of buckling or cracking. 

The value ®f these additional tests is that they can be made on the site 
immediately before using the material and thus are a safeguard against deteriora- 
tion, since the quality of cement is affected greatly by the storage conditions. 
If the material has to be kept for any length of time it should be stored in a 
weatherproof shed having a floor raised clear of the ground. For temporary 
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storage not exceeding two or three days the cement can be packed on a floor 
raised clear of the ground if the containers are effectively covered by tarpaulins. 
Any cement found to be defective, for example, partially set due to dampness 
from the store or elsewhere, should be condemned and removed from the site. 

2. — Quality of Aggregate. 

Cleanness and hardness are the essential properties to be looked for in both 
the fine aggregate (sand) and the coarse aggregate (stone). “ Clean, sharp and 
free from foreign and vegetable matter and from adhering soil, clay, etc.," should 
be the wording of the specification for both materials. For the coarse aggregate, 
whether it be cruslied stone or river ballast, uniformity of quality should be 
stipulated. 

Given a suitable material as regards strength, cleanness, roughness, imper- 
meability, and freedom from crusher dust, tlic shape of the particles should 
be considered. Laminated and wedge-shape pieces of stone and splinters should 
be avoided. Tims crushed granite, beach shingle, and pit ballasl*, if properly 
treated to remove dust, traces of salt, and loam respectively, are the best aggre- 
gates. Broken brick and flint have certain desirable qualities but should be 
given careful consideration before being used in a normal reinforced concrete 
structure. Broken brick is a cheap and useful aggregate for mass concrete work 
as in foundations, and is ideal for fireproofing purposes, whereas flint, and to a 
certain extent granite, are not the most suitable materials for the latter purpose. 
If good hard broken brick is used in concrete for structural members it should 
be free from lime mortar dust, and should be thoroughly saturated with water 
immediately before mixing. Coke breeze, cinders, etc., should not be used for 
load-carrying members, but they make an economical and light concrete for 
partition wall and similar construction. For tliin walls and long columns and 
other cases wlierc the concrete lias to be poured among intricate reinforcement 
it is found tliat smooth rounded ballast aggregate is preferable to angular broken 
stone. 

Stone and sand arc usually bought by the ton, and the unit weights vary 
from 90 lb. to no lb. per cubic foot depending on the type of material and moist- 
ure content. For average figures one can take 22 cubic feet of aggregate to 
the ton of cither fine or coarse aggregate. Mixed aggregate usually fneasures 
only 20 cubic feet to the ton. The quantities of dry materials required for a 
cubic yard of any particular mix arc given on Table No. 39. 

3. — Concrete Mixes. 

The proportions in which the three constituents — cement, fine aggregate, 
and coarse aggregate — should be mixed are usually stated by volume to a unit 
volume of cement. Experience has shown that a mix of 1:2:4 produces a 
suitable concrete both as regards cost and strength. Weaker mixes are not 
recommended for reinforced work, but i : 3 : 6 is a suitable mix for mass con- 
crete, for concrete temporarily placed that is to be cut away at a later date, 
and for a " blinding " layer under reinforced concrete foundations. Mixes richer 
in cement than 1:2: 4, for example, i ; i J : 3 and 1:1; 2, are stronger and 
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more expensive owing to the higher cement content. Such richer mixes are not 
economically justified in members subject to flexure (since so much of the con- 
crete is in tension and is therefore ineffective in adding to the strength of the 
member according to generally accepted methods of calculation), but often pro- 
duce economical designs for heavily loaded columns. Richer mixes than 1:1:2 
contain such a large percentage of cement that the contraction upon hardening 
is a serious matter apart from the high cost. On Table No. 23 is given a self- 
explanatory series of recommendations for the most suitable mix for various 
parts and types of structure, and these suggestions should be of some guidance 
in selecting a suitable mix for any particular work. Later in this Chapter are 
given some observations on mixes for special purposes. 

The practice of proportioning as generally specified by relative volumes is 
open to a number of objections, and concretes indiscriminately made to such 
a specification can vary considerably in compactness and strength. Apart from 
the question of economically using the available materials, such concrete ma}^ 
be good enough as regards strength if the conservative working stress of 600 lb. 
per square inch is used for a i : 2 : 4 concrete, but the designer wishing to work 
to the higher stresses justified by modern cements must give some consideration 
to the proportioning of his materials. 


4. — Proportion of Cement. 

Since the strength of concrete depends on its cement content, and since 
weight is an absolute measure of quantity, the cement should be proportioned 
by weight. Thus by eliminating the risk of more or less loosely bulking the 
cement in a batclf measurer, the collateral risk of getting less (or more) than 
the specified amount of cement in the mix is also avoided. 

Having regard to this, therefore, the practice of referring to concrete mixes 
as being Mix A, Mix B, etc., is strongly advocated, and the make-up of a series 
of such mixes is given on Table No. 23. Taking Mix C as an example, this would 
be comparable to a 1:2:4 mix in so far that it contains approximately one 
part by volume of cement to six parts by volume of aggregate. Thus, consider- 
ing I cb. ft. of normal-hardening Portland cement as weighing 90 lb., an engineer 
specifying a i : 2 : 4 mix expects to get 90 lb. of cement to each 6 cb. ft. of unmixed 
aggregate, and such a quantity of cement can only be assured by definitely 
specifying it. Since cement is supplied in i-cwt. and 2cwt. bags it is more 
convenient to express the mix in terms of a unit of i cwt. of cement ; thus Mix C 
is 112 lb. of cement to 2^ cb. ft. of fine aggregate and 5 cb. ft. of coarse aggregate. 


5. — Proportions of Fine and Coarse Aggregate. 

The ratio between the amounts of fine and coarse aggregate should neces- 
sarily depend on the grading of these materials in order that the volume of the 
** sand " shall be sufficient to fill the voids in the coarse aggregate. Until the 
material for any particular job has been purchased it is not possible to say what 
will be the exact grading of either the sand or the stone, therefore this informa- 
tion will not usually be available when the designs and specifications are being 
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prepared. To the engineer detennined to have good dense concrete there are 
one or two courses open when specifying the mix. 

He can specify the proportions of a particular sand and a particular stone, 
each taken from a known source and both being materials with the properties 
of which he is well acquainted. The gradings of these materials should be fairly 
constant throughout all commercially supplied consignments. It is preferable 
if one or two independent sources of supply arc available, since if the product 
of a single j)it is specified the price quoted may be raised above the competitive 
level thus offsetting in part the economical advantage of the better concrete. 
It is obvious that any material so specified should be obtained in the locality 
of the site of the work in order to reduce freight charges. Thus one would not 
specify whinstonc for a l.ondon job or Thames ballast for a structure in Glasgow. 
Even when the required material is thus particularised it is wise to specify the 
limits of variation of the essential properties. 

As an alternative the engineer can specify the proportions of a coarse and 
a fine aggregate having definite gr^ldings (within limits) and leave ;t to the con- 
tractor to find his own supply of material falling within these limits. A clause 
.should be inserted to the effect that the quality and shape of the aggregate should 
l)e subject to approval. For the .sake of economy the engineer must assure 
himself that materials of his specified gradings are commercially obtainable 
within reasonable di.stance of the site. 

A third method which is open to the engineer is to .steite the provisional 
ratio of coarse to fine aggregate, the maximum and minimum sizes, and the 
general j)roperties of each, but he should insert a clause that will allow him to 
alter the proportions upon examination of the samples of materials submitted 
for his approval. The engineer, however, must use caution in exercising his 
j)owcr to put this clause into effect, .since his alteration of the proportions may 
require the provision of incae of the expen.sive material and less of the cheaper, 
and thus lead to trouble over unit prices. On the other hand the adjustments 
may be such that less of the expensive material is required than allowed for in 
the estimate, in which case it should be po.ssible to adjust the prices so that the 
client secures the benefit. Taking all aspects into consideration this method is 
perhaps the one that would be recommended in general cases. 

c 

6. — Grading of Aggregate. 

The chief point to observe is that the proportion of fine to coarse material 
depends on the materials chosen, and that the volume of fine aggregate should 
be at least 5 per cent, in excess of the volume of voids in the coarse aggregate. 
The grading of the constituent materials varies con.siderably with the nature 
and source of the material, and the grading required depends upon the class 
of work. For ordinary building work the fine aggregate should be graded from 
dust to J-in. particles and the coarse aggregate from J-in. to |-in. particles, 
although for mass concrete work li or 2 in. could be the perm'issible maximum 
sizes for the coarse material. For floor fini.shcs, watertight work, etc., the maxi- 
mum size of the particles should be less than | in. 

The ideal grading of the material between the limits mentioned is obtained 
when the voids in a bulk of any particular size of particle are completely filled 
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by the bulk of all the particles smaller than the one considered. For general 
work the relative quantities of fine and coarse particles in the sand should be 
approximately as follows. 


Retained on a T«-in. mesh, nil 

,, J-in. mesh, not more than 10 per cent. 

„ o-oi25-in. ” ” 

I not less than 70 ,, 

,, ,, o*oo5-in. mesh, not less than 95 ,, 


For work subjected to attrition, such as road slabs, floors of garages, work- 
shops, etc., where these are not specially finished, a coarse and more fully-graded 
sand is recommended in wliich the relative proportions are : 


Retained on |-in. mesh, nil 

, (not more than 65 per cent. 
„ „ o-05-in. nicsh|^^^ _ 

,, o*o2-in. mesh, not less than 80 ,, 

,, ,, o-oi-in. mesh, not less than 95 ,, ,, 

Dust, nil 


The grading of the coarse aggregate for general work should conform to the 
following specification : 

Retained on -’-in. mesh, nil 

,, ,, f-iii. mesh, not more than 5 per cent. 

,, ,, -J-in. mesh, not less than 90 ,, ,, 

,, ,, J-in. mesh, not less than 95 ,, 

Since the grading of the coarse aggregate should bear some relation to that 
of the fine, it is recommended that for road slabs the grading of a suitable 
large granite aggregate for use with the sand specified above would be as fol- 
lows : 


Retained on i|-in. mesh, nil 

,, ,, i|-in. mesh, not more than 50 per cent. 

,, ,, i-in. mesh, not less than 70 ., 

,, ,, >;-in. mesh, not less than 95 ,, 


7. — Water Content. * 

The strength of concrete depends to a very great extent on the amount of 
water used in mixing. There is a certain amount of water in any given mix 
with any given materials that will produce a concrete of maximum strength for 
this particular mix and these materials. Less than this amount of water gives 
a decrease in strength, and about 10 per cent, less gives insufficient water to 
ensure complete setting of the cement and produces an unworkable concrete. 
More than this amount increases ease of workability, but also decreases strength. 
An increase of 10 per cent, of water reduces the strength by approximately 15 
per cent, and with 50 per cent, increase the strength is reduced by half. With 
more than 50 per cent, increase the concrete becomes too wet and owing to segre- 
gation is not workable. 
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A rule recommended by some authorities to give the quantity of water for 
almost maximum strength combined with workability is 

Weight of water 28 per cent, weight of cement 

-f 4 per cent, weight of total aggregate. 

This rule assumes non-absorbent and dry materials, and sufficient extra 
water should be added to provide for full absorption. If the materials are wet 
the quantity of water required should be reduced by the amount of water therein. 
Otlier authorities base the water content on the weight of all the materials when 
dry, and fix a figure of from 8 per cent, to 10 per cent. This gives quantities 
somewhat in excess of the rule already stated. 

A more practicable method of proportioning the amount of water is by 
the well-known slump test, wherein a sample of the concrete is placed in a 
standard, open-ended, truncated metal cone, 12 in. high, 8 in. diameter at the 
bottom and 4 in. diameter at the top, stood with the large end downwards on 
a lioard. When tlie cone is lifted vertically free from the wet concrete the 
material will spread out over the board, and the difference between 12 in. and 
the maximum dej)th of the concrete spread on the board is a measure of the 
slum]). The amount of slump generally varies from practically nil to 9 in. or 
more, depending on the consistency of the concrete. Suitable maximum values 
for various classes of work arc given on Table No. 23, on which is also tabulated 
the nominal quantities of water required in accordance with the formula afore- 
mentioned. The slump test has the practical advantage of being a measure of 
the wetness of the concrete immediately before it is placed, and in a simple way 
allows lor the porosity and dampness of the aggregates and for the quantity 
of cement. 

8.- Special Mixes and Mortars. 

Certain clas.ses of concrete construction call for special treatment. Floors 
subject to abrasion can be hardened by treating with sodium silicate, or they can 
be surfaced with granolithic. 

The granolithic finish applied to floors subject to hard wear is made by 
mixing one ])art of Portland cement to three parts of washed granite chippings 
graded from | in, downwards. It is preferable to lay the surfacing at the same 
time as the main slab is placed in order to create a good bond between the two 
materials. Such a course, however, is open to the objectioii that unless properly 
protected the surfacing may be damaged by workmen, etc., during subsequent 
construction. The usual thickness of the surfacing is in. to i in. Thicknesses 
of less than i in. must be considered as wearing surfaces only and cannot be 
taken into account as increasing the resistance moment of the slab. If a layer 
of I in. or upwards is applied at tlie same time as the slab itself it is only fair 
to consider the upper J in. as wearing surface and the remainder as additional 
effective slab thickness, but to justify this consideration the granolithic should 
be placed within twenty minutes of placing the main slab. ^ If several hours 
elapse between the two operations the bond is of doubtful value, and if the interval 
is a matter of days a plane of cleavage is so definitely formed as to render the 
surfacing useless as part of the constructional thickness. 

Steps are often finished with granolithic treads and a non-slip surface formed 
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by the addition of carborundum. The carborundum dust should be lightly 
trowelled into the surface of the concrete while still green, the amount of material 
required being about 6 oz. per square yard. 

Falls on roof and floor slabs are often most conveniently formed by adding 
a screeding over and above the slab thickness. Such a screeding can be a mortar 
of cement and sand mixed in the proportions of i to 3. 

It is sometimes necessary to blind the bottom of an excavation with 
concrete before a clean smooth surface is obtained on which to place the rein- 
forcement. Such a layer can be from i in. to 3 in. of lean concrete in tlie pro- 
portions of, say, I part of cement to 10 parts of aggregate. 

An important factor in deciding the effectiveness of watertight construction, 
such as the construction of the walls and bottoms of tanks and reservoirs, is the 
quality of the concrete. A watertight concrete should contain a little more 
cement (such as Mix D or E), it should be exceedingly well and carefully rammed 
(this point cannot be over-emphasised), and special care should be taken in the 
formation of the construction joints. Attention given to these factors, together 
with the use of a moderate tensile stress and adequate wall thickness, ensures 
that tanks of moderate depths arc proof against seepage from water and other 
liquids that do not attack the concrete. If for any reason careful and expert 
construction and supervision are not available, the tank can be made watertight 
by either internal rendering or the addition of a waterproofing compound to 
the concrete, by using a waterproofed cement, or by asphalting. 

If rendering is adopted the wall could be built with Mix C concrete of normal 
consistency, and the rendering could be a ^-in. to J-in. thickness of mortar com- 
posed of 3 parts ot sand to i part of cement. The inside faces of the walls should 
be hacked while the^ concrete is green to form a key for the cement rendering and 
thoroughly wetted, and with advantage can be given a coat of cement grout immedi- 
ately before applying the rendering. The latter should be applied in two layers. 

This method of rendering should be satisfactory for cases where the head 
of water is anything up to 30 ft. When only a few feet deep an application of 
cement grout, well brushed in, gives good results. Oil tanks up to 20 ft. deep 
can be proofed by careful construction of the walls in Mix D concrete ; imme- 
diately the shuttering is removed the interior surface should be given a skimming 
coat of cement (preferably rapid-hardening cement) well worked into the pores 
of the concrete with a trowel. Before drying out this coat should be given two 
successive coatings of cement grout applied with a brush.^ There are on the 
market a number of proprietary waterproofing compounds, applied either in 
the form of a rendering or mixed with the concrete, while hydrated lime is 
also useful in this direction. 

The problems of waterproofing and of protecting the concrete from deteriora- 
tion by contact with the contained liquid are more or less bound together. In 
practice the following list gives some satisfactory treatments for various liquids : 

Water-heads up to 6 ft, — Cement-grout wash on ordinary concrete. 

Wa&r-heads up to 20 ft, — ^Well designed tanks, proper construction, 
rich mix ; or asphalt lining to ordinary construction. 

Water-heads up to 30 ft, — ^3 : i mortar rendering or asphalt. 

XVaief-heads above 30 ft, — Rendering with waterproofing compound 
or asphalt* 


I 
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Weak acids. — As for water. 

Heavy fuel oils, benzole, creosote, etc . — Successive applications of 
cement grout washes as described on page 115. 

Tanning liquor. — As for water. 

Hot vegetable oils . — Should not be stored in concrete tanks. 

Strong sulphuric and other acids. — Lead or acid-resistant brick 
linings. 

Fermenting beer. — Stainless steel or enamelled linings. 

Chlorine solution. — As for water. 

Caustic soda solution (4 per cent.). — As for water. 

Sulphate liquor. — Dense concrete with coating of paraffin wax. 

Cider vinegar.-- hsi for sulphate liquor. 

Petroleum.- varnish. 

Tar. — 3 : i mortar rendering. 

Some remarks on the most suitable types of joints for tank work have already 
been given in the preceding Chapter. r 

For non-reinforced work involving large masses of concrete a mix as weak 
as Mix A, or even weaker, can be allowed. If the dimensions of the work warrant, 
such as massive bridge piers, heavy foundations, concrete filling, etc., the use 
of hard stone “ plums ” (for example, boulders, old broken concrete) should be 
permitted. Neither the distance between any two “ plums " nor the distance 
between any single " plum " and the face of the work should be less than the 
width of tlie “ plum." Without sacrificing strength such practice leads to 
economy both in material and labour. 

9. — Properties of Concrete. ' 

Foremost among the pro])erties of concrete that the designing engineer 
requires to know is the weight of hardened concrete. Plain concrete may weigh 
about 130 lb. to 140 lb. per cubic foot. When reinforced the composite material 
may weigh up to 150 lb. per cubic foot, but 144 lb. per cubic foot is a very con- 
venient weight to take for dead load calculations since each square inch of cross- 
section is equivalent to i lb, per lineal foot of the member considered. 

In the design of vertical shuttering the horizontal pressures exerted by wet 
concrete are the primary factor, and a maximum figure of T40 lb. per s^^uare foot 
of vertical surface per foot depth should be adequate for moderate depths of 
filling. For greater heights this unit pressure can be decreased in accordance 
with the values given on Table No. 23, and the pressure will be even more reduced 
for narrow wall-work, for drier concretes, and where the reinforcement is especi- 
ally plentiful and intricate. 

The coefficient of linear expansion and contraction due to temperature 
changes increases with the cement content, as is shown by the values given on 
Table No. 23. This coefficient averages 0*0000066 per deg. F., which is prac- 
tically the same as that for mild steel. This factor enters kito the design of 
exposed or long lengths of construction, such as roads, arches, warehouses, tanks 
containing hot liquids, etc., and adequate provision must be made in the design 
to take up the stresses due to temperature changes or to limit these stresses by 
the provision of joints. Suggested designs for joints have been given in the 
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previous Chapter, together with joints safeguarding against contraction cracks. 
In addition to the nonnal hardening contraction, concrete appears to be subject 
to a progressive shrinkage over an unlimited period of time. This shrinkage, 
together with the correlated phenomena of plastic flow, is the object of serious 
modern investigations. Although neglected in everyday practice, the estab- 
lished values of the shrinkage coefficients are of interest. The coefficient is about 
0-00025 at 28 days and 0*00035 three months, after which period the increase 
is less pronounced, until after one year it seems to reach a maximum figure 
approaching 0-0005. 


10 . — Concrete Strengths and Standard Stresses. 

The ultimate compressive strength of concrete depends upon age and cement 
content, increase in either of these factors giving an increase in strength. Values 
of maximum strength, attained at approximately one year, vary from 1,500 
lb. per square inch for lean concrete to upwards of 8,000 lb. per square inch for 
rich mixes. “Jbe rate of increase of strength with age is almost independent of 
the cement content, and in 28 days about 60 per cent, of the strength attained 
at 12 months is obtained, three-quarters in 2 months, and about 95 per cent, 
in 6 months. For design purposes the working stresses are usually based on 
the strength at three to four months, which is about 85 per cent, of that at one 
year. The allowable stress, based on a factor of safety of 4 on the presumed 
ultimate at four months, is in the most conservative practice determined by the 
expression 

c = 900 — 50F 

where V is tlie volume of sand plus coarse aggregate per unit volume of cement. 

With modern aements used in conjunction with well-graded and selected 
materials, and with proper attention paid to the water content and supervision 
of mixing and placing, these working stresses can be increased with safety by 
at least one-sixth. Thus for Mix C (F — 6) the safe compressive stress in accord- 
ance with conservative design w^oiild be 600 lb. per square inch, whereas for 
general practice the value advocated as a standard stress is 700 lb. per square 
inch. The values of the standard stresses suggested for other mixes are given 
in Table No. 23, and variations from these stresses are discussed in the next 
paragraph. 

The Slinistr}' of Transport's 1931 Memorandum demonstrates official recog- 
nition of the strength of modern concretes. If at 28 days ^with ordinary Port- 
land cement) or 7 days (with rapid-hardening Portland cement) the compressive 
strength of 6-m. concrete cubes equals or exceeds {15A 900) lb. per square 

inch, the working stress can be taken as (5.4 -f 300) lb. per square inch, where 
A = weight (lb.) of cement per 2 cb. ft. of fine aggregate and 4 cb. ft. of coarse 
aggregate. Applying these expressions to some of the mixes tabulated on Table 
No. 23, the following values are obtained ; 


Mix 


28 (or 7' Jay strength 
(lb. per square inch) 


Working stress 
(lb. per square inch) 


c 

E 

F 


2,250 

2,700 

3.600 


750 

900 

1,200 
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Although based on a factor of safety that may be as low as three on the 
28-day strength of the concrete, these stresses do not lack conservatism since 
they are associated with a substantial impact factor applied to a generous live 
load (see Chapter II, F/g. i, and Table No. 2). 


11. — Modifications to Standard Stresses. 

The standard compressive stress is that which should be adopted when the 
loads and moments are computed in the usual way (that is, without particular 
reftnemcnt of calculation), but under certain conditions these stresses may be 
exceeded, and in others lower stresses should be adopted. Among the factors 
permitting an increase over the standard stress for a given mix are the following : 

(1) When the ultimate test strengths of an adequate number of samples 
exceed four times the standard strength, the working stress can be one-quarter 
of the average of the ultimate unit stress. This condition applies jvhen specially 
selected and graded materials are used with the object of obtaining a high-strength 
concrete with a minimum quantity of cement. 

(2) When slump tests give values less than 6 in. for beams and slabs, and 
so long as there is adequate water to ensure a workable mixture, the standard 
stresses could be increased by 10 per cent, (if advantage is taken of this increase, 
means must be taken to ensure that the small slump is maintained throughout 
all batches of concrete poured by making an adequate number of tests). 

(3) When rapid-hardening cements are used any increase in working stress 
allowed should be governed by the observations in Paragraph 14. 

(4) If the moments and forces are precisely determined! in accordance with 
the elastic theory, if the loading is accurately known, and if the reinforcement 
is disposed in accordance with the calculations, an increase of 10 per cent, to 
15 per cent, over the standard stress should be permitted. 

(5) If the appro^cimate support moment coefficients are employed for the 
moments in tec beams supported on main beams, the support sections can be 
designed for a compressive stress 10 per cent, in excess of the standard stress. 

(6) If a section subjected to bending has an area of compressive reinforce- 
ment equal to the tensile reinforcement, and the resistance moment not cal- 
culated on the steel beam theory,” the standard stresse may be increased as 
described in Paragsaph 4, Chapter XL 

(7) Permissible extreme fibre stress on members calculated for combined 
stresses on ” straight-line stress variation ” theories can be 10 per cent, in excess 
of the standard stress. 

(8) Certain conditions of column design allow incieased core stresses (see 
Chapter XIII). 

(9) If extreme or infrequent live loading is designed for, stresses for these 
loads can be increased at the discretion of the designer, but the dead load stress 
should be the standard stress. No increase should be taken ifhder this heading 
if allowances have already been made under headings (4) and (6). 

(10) If the extreme live loading can be guaranteed not to come on to the 
structure until after the expiry of twelve months after construction the standard 
stress can be increased by 10 per cent. 
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The working^stress should be less than the standard stress when any oii the 
following condi^ns prevail : 

{a) If tests on samples give lower results than four times the 'standard 
stress, the working stress should be one-quarter of the average ultimate strength. 

(6) ^en excessive water is employed, or when high-grade materials are 
not obtainable, or when the’work is to be constructed by inexperienced men or 
organisations. 

(c) When the calculations are only approximately made or when the maxi- 
mum loading is uncertain. 

(d) Certain conditions of slender-column design require stresses less than 
the standard value (see Chapter XIII). 

(tf) When the structure is subject to vibration or impact the standard stress 
should be reduced. Impact is usually allowed for in the assumed magnitude 
of the live loading, and incessant vibration can be allowed for by decreasing the 
working stress to at least 15 per cent, below the standard stress. 

(/) If thg maximum live loads can operate within three months of the com- 
pletion of construction of any particular member the working stress should be 
reduced in the ratio of the ultimate strength at the time of loading to the 
ultimate strength at three months. Refer to Table No. 23 for strength-with-age 
variations. 

(g) If all the load is dead load the stresses should be reduced unless means 
can be taken (for example, by having temporary supports) to ensure the full 
load not coming on to the structure until three months after completion. 

(A) When the work is difficult to construct and concrete is to be placed 
under difficulties, or where the concrete is to be deposited under water. 

In adopting these modifications much has to be left to the individ ual judg- 
ment of the designer and consideration of the circumstances peculiar to any 
given structure, but they are put forward as suggestions for the refinement of 
designing principles. The German Regulations for reinforced concrete construc- 
tion give various working stresses for different parts of structures and for various 
methods of calculation. 

12 . — Tensile and Shear Stresses. 

In tlie design of members subjected to bending it is usual to neglect the 
value of the concrete in direct tension, but in certain cdiSfs, such as walls of 
cylindrical watertight tanks, etc., and more commonly in the consideration of 
shear resistance, the tensile strength of the concrete becomes an important factor 
in the design. The ultimate tensile strength depends on the cement content and 
increases with an increase in cement ratio. For a Mix C concrete a value upwards 
of 200 lb. per square inch may be obtained and the ultimate is generally taken 
as one-tenth of the ultimate compressive strength. Modern research coomc to 
show that the tensile strength is not directly proportional to the compressive 
strength, but varies more nearly as the compressive strength to the two-thirds 
power ; i.e, if we consider the safe diagonal tensile stress as 60 lb. per square 
inch for Mix C, the maximum safe shear stress for richer mixes would be as given 
on Table No. .23. The safe unit shear stresses on a section are applicable when 
the stresses are calculated as explained in Chapter XII. 
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The safe punching shear stress, as occurs in column footings, pile caps, etc., 
can be taken as twice the allowable figures mentioned. Three times the safe 
diagonal tensile stress should be considered the absolute maximum for the direct 
tensile stress in the walls of watertight cylindrical tanks when this stress is cal- 
culated on the total effective section as described in Chapter VII. Table No. 23 
gives the limiting values for punching shear and effective direct tension. For 
mixes weaker than Mix C the direct tension value of the concrete should be 
neglected. 


13.- Modulus of Elasticity. 


Young’s Modulus for concrete {E^,) increa.ses with the richness of the mix, 
and actual values by test seem to be between the limits of 1,000 to 1,500 times 
the ultimate compressive strength. Thus for a Mix C concrete might average 
3,000,000 lb. per scpiare inch ; with a modulus for steel E\. ^ 30,000,000 lb. 

Hr 


per square inch a modular ratio m ^ 


10 is obtained. For*‘the generally 


accepted formuh'c for calculations an arbitrary modular ratio of 15 (correspond- 
ing to — 2,000,000 lb. per square inch) is found to give resistance moments 
consistent with test results on beams made with concretes of the strength of 
Mix C. This higher ratio .seems to compensate for the errors involved in the 
consideration of reinforced concrete as a theoretically elastic substance and for 
the neglect of the tensional value of concrete in bending. For calculations of 
the deflection of members a value of E^j more equal to the true value should 
be taken. Suggested values of E^, for calculations for ordinary bending and 
for direct stress, and values for deformation calculations/ together with the 
appropriate modular ratios are given on 'Eahle No. 23 for the mixes tabulated. 


.14. Rapid -Hardening Cements. 

The special cements that attain high strengths in shorter time than normal 
Portland cement arc of two kinds, (a) aluminous cement and (6) rapid-hardening 
Portland cement. 

As the name implies one of the main constituents in aluminous cements is 
alumina (AlaOa), wlqch is the active agent in the .setting properties of all cements. 
In normal-hardening Portland cements the amount of this .substance is some- 
where between 5 per cent, and 6^ per cent., but it may be between 35 per cent, 
and 40 per cent, in aluminous cements. The initial .setting time of commercially 
supplied aluminous cement varies from one to three heiirs under test, and the 
final set follows very rapidly being between three and four hours from the time 
of mixing. Tests on 3 ; i mortar .specimens show strengths up to 600 lb. per 
square inch in 24 hours and ultimate strengths of 700 lb. per square inch are 
obtained in three to five days. These values are double that required by the 
specification for normal cements, but tests of Portland cement mortar specimens 
may often give values exceeding 500 lb. per square inch at 7 days. From a close 
study of test results it would appear that aluminous cement concr,etes could be 
safely stressed to 50 per cent, in excess of the figure taken for concretes employing 



CONCRETE MATERIALS, MIXES, AND STRESSES 121 

normal-hardening cements, given a hard stone aggregate. The necessity of 
saving time is the chief factor which offsets the high cost of this cement. 

In the case of rapid-hardening Portland cements, however, the extra cost 
of such cement is, in all but very small jobs, more than offset by the saving accru- 
ing by the repeated uses of the shuttering and general shortening of the contract 
time. There is little difference chemically between rapid-hardening and normal 
Portland cements, but the former are much more finely ground. Whereas on 
a 172 or 180 sieve 10 per cent, is the maximum residue allowed, ordinary Port- 
land cements may give as low as 6J per cent, whereas rapid-hardening Portland 
cements give usually less than 2^ per cent, residue. The initial set of rapid- 
hardening Portland cement takes place within three-quarters to two hours of 
mixing, and final set from two to three hours. Tensile strength tests on i : 3 
mortar briquettes show strengths at 24 hours at least equal to the three days 
specification ; at seven days 75 per cent, of the ultimate strength is reached, 
and 95 per cent, of the ultimate at 28 days. 

From a comparison of the ultimate values it would seem that rapid-harden- 
ing Portland cement concrete can be stres.sed to values 20 per cent, in excess 
of the working stresses for ordinary cement concrete. This advantage can only 
be taken, however, if the cement is proportioned by weight as specified on Table 
No. 23. This proviso is important, since one cubic foot of rapid-hardening 
Portland cement weighs less than an equal volume of normal cement, and if 
proportioned by volume the quantity of cement in the mix is not only insufficient 
but uncertain. Since the atmospheric temperature during the initial setting 
stage and the fineness of the sand seem to have an appreciable effect on the 
ultimate strengths attained by rapid-hardening cements, some engineers are 
averse to allowing higher stresses for such cements. Given suitably coarse 
sands and moderate temperatures, there seems to be some justification for using 
a higher working stress, one point in favour of this being that there is le.ss like- 
lihood of damage due to over-stressing from incidental loading during the first 
few weeks after placing the concrete. The use of higher stresses with rapid- 
hardening cement should always be associated with tests on the concrete. 



CHAPTER X 
REINFORCEMENT 

1. — Quality of Material. 

For all normal work the steel used for reinforcement should in all respects conform 
to the British Standard Specification for mild steel. The main provisions of 
this specification are an ultimate stress of 28 to 33 tons per square inch and an 
elongation not greater than 20 per cent, on a test piece 8 diameters in length. 
The bars should be capable of being bent double when cold without fracture to a 
radius not greater than diameters if the bar is over i in. diameter ; or to a 
radius equal to the diameter if i in. or less. 

The reinforcement is usually in the form of rolled round bars. Notwith- 
standing certain advantages inherent in deformed bars, the use of the latter is 
restricted to specialised construction owing largely to the extra cost. 

Many steels of foreign origin, although having sufficient tensile strength, 
will not stand up to the bending tests required by the British Standard Specifica- 
tion, and for bars larger than JJ in. diameter it is necessary to heat the bars before 
bending. This practice should be discouraged, and when such steel is employed 
care should be taken to ensure that the steel benders do not cool the bars by 
immersion in water, as this increases the brittleness of the material and lowers 
the tensile resistance in the neighbourhood of the heated portion. Whenever 
possible it is well to specify round bars of mild steel complying with the B.S.S., 
and to insert the precautionary clause that all bending is to be done colA More- 
over, the bars should^bc thoroughly clean and free from scale, loose rust, grease, 
dirt, paint, etc. 

The use of cold-drawn (as opposed to rolled) mild steel, usually supplied in 
the form of an electrically-welded mesh, has a wide scope as an economical and 
reliable reinforcement for slab construction. The essential difference between 
cold-drawn and rolled mild steel is a higher elastic limit accompanied by a higher 
ultimate tensile strength. The limits of the tensile strength are given in the 
British Standard Specification dealing with hard-drawn steel wire for reinforce- 
ment as 37 tons and 42 tons per square inch. The stipulate(> bending test is 
to bend cold around a radius equal to the diameter of the wire through an angle 
of 90 deg., then to be bent back in the opposite direction through an angle of 180 
deg. ; upon bending back ^o its original position the test piece should show no 
signs of fracture. 
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2.^Worklng Stresses 

For rolled mild steel having an ultimate strength of about 64.000 lb. per 
square inch and working to a safety factor of 4 on the ultimate strength, it would 
" seem that the safe working stress in tension would be 16,000 lb. per square inch. 
This is the value allowed in conservative practice, but general experience shows 
that with normal reliable British steel and reasonably expert design a stress of 

17.000 lb. per square inch is safe for ordinary work such as industrial structures, 
bridges, etc. For building work a stress of 18,000 lb. per square inch is justified, 
but for liquid storage structures where the walls are in direct tension a much 
lower stress of 14,000 lb. per square inch or even 12,000 lb. per square inch is 
usual. The Ministry of Transport adopts a stress of 16,000 Ib. per square inch 
for bridge-work. For shear reinforcement the limiting stresses are discussed in 
Chapter XII. 

Since the yield point of rolled mild steel is about 32,000 lb. per square inch, 
a working stress of 16,000 lb. per square inch represents a factor of safety of 
two on the stress at the yield point, and this factor is the true mea.sure of the 
margin of security. With cold-drawn mild steel having a yield point stress of 

75.000 lb. per square inch and a factor of safety of three on this figure, a working 
tensile stress of 25,000 lb. per square inch is obtained. This is the value of the 
working stress usually adopted for floor and roof slab design when using cold- 
drawn mild steel reinforcement. 

When deciding on a suitable tensile working stress for the reinforcement 
in any particular part of a structure, the factors given in the last Chapter per- 
mitting an increase or enforcing a decrease in the value to be adopted should 
be considered. Thoce factors cited that merely represent an increase or decrease 
in the ultimate strength of the concrete should not be considered operative as 
regards the steel stress, and corresponding conditions that may affect the 
ultimate steel strength should be substituted. 

The compressive stress to which reinforcement may be subjected is controlled 
by the compressive stress in the surrounding concrete. Since the strain in the 
two materials is equal so long as the bond is not destroyed, the stresses will be 
proportional to the elastic moduli. Mild steel has an elastic modulus of 30,000,000 
lb. per square inch, and with the minimum modulus for a Mix C concrete, given 
on Table ?^o. 23, of 2,000,000 lb. per square inch the compressive stress in the 
steel would be fifteen times that in the concrete, or generaljy 

Cl = me 

where* = the compressive stress in steel 

E 

m = the modular ratio = 

Ec 

and c = compressive stress in the concrete. 

In practical calculations it is more convenient to calculate the additional 
compressive resisifance due to the steel ; this is c(m — i) A where Afi = area 
of compressive reinforcement. When this expression is used the concrete 
resistance must be calculated on the gross sectional area, no deductions being 
made for the. reduction in concrete area to allow for the area occupied by the 
steel. 
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3. — Adhesion. 

For a reinforcing bar to perform efficiently its task of taking tensile forces 
it is important that the bar shall be sufficiently anchored. There must be 
sufficient length of bar beyond any particular section to develop by adhesion 
between the steel and concrete a bond force equal to the total tensile force in 
the bar at the section considered. The safe adhesion stress between concrete 
and round steel bars embedded therein is usually taken as loo lb. per square inch. 
Thus a bar stressed to 16,000 lb. per square inch requires a length of forty times 
its own diameter to develop a safe bond force equal to the tensile force in the 
bar, irrespective of the diameter of the bar. Similarly a stress of 14,000 lb. 
per square inch requires thirty-five diameters, a stress of 18,000 lb. per square 
incli forty-five diameters, and other stresses in proportion ; or more generally 
each 2,000 lb. per square inch of stress requires five diameters of straight bar to 
provide a secure ancliorage. 

'fhe anchorage length of bar required beyond any stressed section can be 
reduced by providing a hook at the end of the bar. A properly-formed semi- 
circular hook can be considered as providing 50 per cent, of the anchorage, with 
a maximum value equivalent to twenty diameters. A 6o-deg. bend can be 
considered as half as effective as a hook, that is, as providing 25 per cent, of the 
total anchorage up to a maximum of ten diameters. A 90-deg. bend can be 
taken as equivalent to 12. J per cent, of the total with a maximum allowance 
of five diameters. In order to take advantage of the full anchorage value of 
such hooks and bends it is important that they shall be properly formed, and 
suitable dimensions are given on Table No. 24. 

It will be observed that for general practice, in which stresses of 16,000 
lb. per square inch and upwards are employed, a full hook saves a bar length 
of about ten diameters, and a 60-deg. bend five diameters. Although a 90-deg. 
bend saves only about two diameters, a bend of this description at each end of 
a bar reduces the overall lengtli of the bent bar by eight diameters from that 
required without hooks or bends ; it is often useful where space is slightly 
restricted, and is an economical form of anchorage. 

The relative costs of making hooks and bends is roughly in the ratio of 
3 to 2 to I for 1 looks, 60-deg. bends, and 90-deg. bends respectively. With the 
current price of labour and steel the relative economy of the variouS types of 
anchorage, allowing for the value of the steel saved by tlie reduction in length 
and for the cost of /orming the hook or bend, is for various sizes of bars approx- 
imately as follows when the tensile stress is 16,000 lb. per square inch : 


Diamoter of bar 

iin. 

1 in. 

1 * • - 

X in. 

1 } in. 

Straight bar 

i-o 

I-O 

i 1 

' 1-0 1 

I-O 

I-o 

Semicircular hook 

2-2 

^'4 

! 1-4 1 

1-2 

1-2 

60-deg. bend 

t-6 

1*4 j 

i 

1-2 

I-I 

90-deg. bend 

13 

1-2 1 

i-i 1 

f I-l 

I-I 


It is a sound rule that every tension bar should be hooked or bent at both 
ends. As is seen by the above comparison a hook or bend is not qecessarily the 
most economical form of anchorage, but it is nevertheless the most secure. 
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Therefore in all cases where absolutely refined cutting of costs is not imperative 
some form of hook or bend should be provided, and for the anchorage of the 
main bars in important members a semicircular hook should always be provided. 
In many cases restriction on the length of anchorage available renders the 
formation of a hook necessary. 

The regulations of the London County Council (1915) do not allow the full 
values of anchorage given above, but requin* forty diameters of bar in addition 
to a semicircular hook. If a 90-deg. bend is provided the length of bar required 
is sixty-seven diameters in addition to the bend. These lengths refer to 16,000 lb. 
per square inch and are proportionately reduced for lower working stresses. 

Table No. 24 gives the various adequate lengths for anchorage at various 
stresses, and it should be remembered that these lengths must be measured from 
tlic point where the bar commences to deviate from the straight. The minimum 
stress tabulated is 10,000 lb. per square inch, and, although the maximum working 
stress in a bar may be less than this value, it is recommended that in no case 
should a less ^nehorage length than required for this stress be provided, while 
for straight bars forty diameters should be the minimum. For bars in direct 
tension members, such as hanging columns, walls of circular tanks, etc., special 
care must be taken to provide adequate anchorage, and nothing less than 
forty diameters and a semicircular hook should be provided in these cases ; 
if the working stress exceeds 16,000 lb. per square inch, the length should be 
increased. 

Where a bar is principally in compression a straight anchorage length 
equal to twenty-four diameters (if the stress does not exceed 9,600 lb. per square 
inch) should be provided, although, where the bar can be subjected to either 
tension or compression, anchorage should be provided for whichever is the 
maximum stress. A compression bond length need not be hooked, although 
some form of turned end is desirable if the end of the bar is near an outer end 
face of the member. 

Some authorities recommend that the additional moment due to the 
anchorage provided by a hook should be investigated and provided for. The 
hook moment for a standard semicircular hook would be computed by multi- 
plying the tension in the bar at the hook by 2i times the bar diameter. 

4 . — Detailing Reinforcement. 

t 

Careful attention paid to a number of points regarding lengths, sizes, etc., 
of reinforcing bars is repaid by saving due to ease of fabrication of the bars on 
the site and by a general rise in the efficiency of construction and design. To 
this end as few different sizes of bars as possible should be used in any structure 
or part of a structure, and the largest diameter bars consistent with non-excessive 
spacing should be used, thus reducing the number of bars to be bent and placed. 
Also it should be borne in mind that large-diameter bars are cheaper than small. 
The basic rate is* usually quoted for J-in. diameter bars and all larger bars are 
supplied at this rate. Bars under | in. are usually charged 5s. per ton more 
per i in. of diameter below § in. diameter, and for smaller bars of ^ in. and 
J in. diameter the increased charge is still more. 

Generally the longest bar economically obtainable should be used, but due 
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regard should be paid to the facility with which a long bar can be placed in any 
particular member. Consideration should also be given to the maximum length 
that can be handled without being too " whippy." Such maximum lengths 
are in the order of 20 ft. for bars in. diameter and less, 23 ft. from -ft- in. to 
i in., 40 ft. for g in. diameter, 60 ft. for i in. diameter, and 75 ft. for bars over 
ij in. diameter. 

When proposing to use long bars it must be remembered that the basic 
rate only applies to bars up to 40 ft. long and an extra that may amount to is. 
per ton for every foot over 40 ft. is charged, although bars up to f in. diameter 
can be obtained in long length coils at normal rates and sometimes lower. Above 
certain lengths it is more economical to lap two bars than to buy long bars, the 
extra cost of the increase in total length of bars due to overlapping being more 
than offset by the alternative increased tonnage charge for long lengths. These 
maximum lengths are in the order of 45 ft. for |-in. bars, rising to 55 ft. for i J-in. 
bars. Long bars cannot always be avoided when reinforcing long piles, but 
bars over 24 ft. and more especially over 40 ft. require special railway wagons, 
involving transport delays and often additional freight charges. 

The careful preparation of bending schedules can result in economies in 
construction and in material supply. The total length of each bar should for 
preference be given to a multiple of 3 in. and as many bars as possible should 
be made to one length, thus keeping the number of different lengths of bars as 
low as possible. 

The method of giving bending dimensions and marking up bars should be 
uniform throughout a given structure. A well-tried system of standard bending 
dimensions is illustrated on Table No. 24. 

5. — Cover of Concrete. 

, For proper protection, and in order to ensure that the thickness of concrete 
around a bar is suflicient adequately to develop adhesion, it is necessary to 
consider the cover of concrete over the bars and the minimum space between 
adjacent bars. The minimum cover of concrete around a reinforcing bar should 
be in accordance with the following schedule : 

Slabs : J in. minimum and not less than the diameter of the bar. 

Beams : i in. minimum and not less than tl.o diameter of the bar 

^ for top or bottom cover to main bars. 

^ in. minimum for binders. 

I in. side cover irrespective of diameter of the bar. 

Columns : i in. minimum for main bars in columns less than 12 in. 

square. 

li in. minimum for main bars in columns 12 in. square 
or over. 

i in. minimum for binders. 

Piles: ij in. minimum to main bars. 

Sea Work : in. to 2 in. over main bars. 

The minimum clear distance between the bars in any one layer in beams 
should be not less than the diameter of the bar or J in. (the maximum size of 
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the aggregate), whichever is the greater. The minimum clear distance between 
successive layers should be | in. and this distance should be maintained by the 
provision of |-in. diameter spacer bars placed every three or four feet throughout 
the length of the^ b^m wherever two or more layers of reinforcement occur. 
Where the bars from transverse beams thread between the layers, special spacer 
bars are of course neither necessary nor effective. 

6. — Steel Areas and Weights. 

The following data with reference to the areas and weights of round mild 
steel bars from ^ in. to in. diameter are given on Tables Nos. 25 and 26 : 

{a) Cross-sectional area of any number of bars up to 20. 

(6) Cross-sectional area per foot width for bars spaced at 3-in. to 24-in. 
centres. 

(c) Weight per foot of each size of bar. . 

(d) Length of each bar in one ton weight. 

(e) ’^X^eights of any number of bars one foot in length. 

(/) Weight per square yard for bars at different spacings. 

For estimating purposes tlie following rules give the approximate weight 
of steel per lineal foot of member when designed in accordance with normal 
practice : 

Let A — maximum area of tension steel per beam or column or per 
foot width of slab as required by the calculations ; for 
slabs spanning in two directions A = sum of areas required 
in each direction. 

W = approximate weight of steel per foot run of beam or column 
and per square foot of slab, including all hooks, laps, 
binders, distribution steel, spacer bars, shear bars, etc. 


W = KA 

where K has the following values : 

Continuous slabs (spanning in one direction), 5J to 8J 

Continuous slabs (spanning in two directions), 4f to 7J 

Cantilevers, 4 to 5J 

f'ree beams, 3^ to 6 

Continuous beams, to 8 

Columns, 5 to 6 


For slabs knd beams the minimum figures apply to cases where there is no 
steel in compression or no special shear reinforcement. The higher figures apply 
when there is equal steel in compression and tension or where heavy shear steel 
is provided. The lower figures for columns apply for minimum binding and 
the upper for heavy binding or when loose splice bars are employed. For large 
beams or special members the weights should be computed after roughly sketch- 
ing out the disposition of the reinforcement. 
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BEAMS AND SLABS 

1. — Formulae for Rectangular Sections reinforced for Tension only. 

The basis of design of structural members subject to flexure is that the internal 
resisting couple shall equal the bending moment produced by the externally 
applied load. For members of reinforced concrete it is assumea that the strain 
at any point in a section is proportional to the distance of the point from the 
neutral axis, and the resistance of the concrete below the neutral axis is neglected. 
From these fundamentals the general formulae given below can be deduced. 
Referring to Fig. 37 the notation adopted is as follows, all units being in 
pounds and inclies : 

c maximum compressive stress on the concrete. 
t - - maximum tensile .stress on the steel. 
b - “ breadth of beam. 
d - = effective depth of beam or slab. 

7 ) - - total depth of beam or slab, 
n ---= depth of neutral axis •- n^d. 
a ^ lever arm of section -- a id. 

/by. • area of tensile reinforcement. 

r - - ratio of maximum stre.s.ses - - . 

c 

VI modular ratio. 

T -- total tension - Ajt. 

C - total compre.ssion 0'^b7ic. 

M external bending moment. * 

R.M. - safe re.sistancc moment of a section. 

. r -1 . r TOO.Iy. 

p - percentage of tensile reinforcement — - 

The depth of the neutral axis expressed in terms of the stress ratio is given by 


fit = 


1 + 


m 


and in terms of the percentage of steel by 

fii ~ V {o-oivtp)^ + O'Ozmp — o^oimp. 

The lever arm factor in relation to the depth of the neutral axis is 

ch = I — -h 
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TfeE BEAM 


EUU BEAM 


* (c) FLANGED 5EAM5 

Fig. 37. — Rectangular and Flanged Beaiiib. 

The internal resisting couple -- - Ta Ca — RM,, which should not be less 
than the applied bending moment : 

R.M. — Ajia^d 

or — o-^bniCUid^ ^ Qbd^ 
where Q - - O’^tiicai. 

2. — Tabulated Factors. 

Much arithmetical labour can be saved by the use of tables giving the relative 
values of the factors involved in the design of beams and slabs, and to this end 
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Tables Nos. 27 to 32 inclusive have been compiled. Thus Table No. 27 gives 
values of Wi, and p for various values of r together with values of Q for con- 
crete stresses from 100 to 1,000 lb. per square inch and for steel stresses from 
12,000 to 22,400 lb. per square inch. On Tables Nos. 28 and 29 the resistance 
moments of a wide range of rectangular beams i in. wide for various* combinations 
of maximum stresses are given, and Table No. 31 is a similar table for slabs 12 in. 
wide. 

Table No. 30 is also applicable to slabs and gives factors that when combined 
with the applied bending moment give the requisite depth of slab and the amount 
of reinforcement necessary. A certain amount of miscellaneous data relative 
to the proportions, etc., of rectangular beams and tee beams is included on 
Table No. 32. On this table also are data for determining the points along a 
beam at which bars can be stopped off or bent up consistent with providing 
adequate tensile resistance to bending. 


3. — Design of Rectangular Beams. 


Apart from considerations of shear (see next Cliaptcr) the scantlings of a 
rectangular beam should be in accordance with the following rules : the effective 
depth should not be less than one-twentieth of the span when the maximum 
stress is 16,000 lb. per square inch in the tensile reinforcement. With steel 
stresses more or less than 16,000, the minimum effective depth should be increased 
or decreased to a value represented by 


span X t 
320,000 


(see Table No. 32). 


A good working rule is that the total depth of a rectangular or tee beam 
in inches .shall equal the clear span in feet. The breadth of rectangular beams 
and tlic breadth of the web of tee beams usually vary from one- third to once 
the total depth ; for rectangular beams a good average figure is one-half the 
total depth. Much, however, depends upon the particular circumstances con- 
trolling a given design, more especially such factors as headroom and the area 
required for shear. The breadth of beams should also be determined to conform 
with commercial widths of timber, and therefore 4 in., 5 in., 7 in., 8 in., and 
II in., or widths made up by combining these values, should be employe^ wherever 
possible. 

The various processes of stress determination and design are as follows: 


To Design a Section for a given Bending Moment and for 
GIVEN Stresses. 

• Method (a). — For the given stresses find Q from Table No. 27 and find hd^ 
M 

from Select suitable values of b and d (possibly from consideration of shear) 

to give the required value of hd^. For the ratio of the given stresses find ay 
from Table No. 27 and the amount of tensile steel required from 

~ a , dt ' 

Method (6). — Select a suitable effective depth and read off ixomTable No. 28 
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or 29 the resistance moment corresponding to this depth. The applied bending 
moment divided by this resistance moment gives the breadth of beam required. 
If the relative values of d and h thus derived are unsuitable, select another value 
of d and repeat. From the same tables look up the area of steel for the appro- 
priate value of d and multiply this area by h to give Arj., 

To Determine the Stresses on a (jven Section subject to a 
GIVEN Bending Moment. 

Determine p for the given section and from Table No. 27 find the corresponding 
values of Ui and r. Then the maximum stresses are given directly 

a ^dA. 2* 

and c = 

r 


To Determti^i the Resistance Moment of a given Section with given 

Maximum Stresses. 

Determine p, and from Table No. 27 lind tlie corresponding values of 

and The resistance moment based on the steel is given by A^JUidy^, and bused 

1 1 n^aA)d^c ... . , 

on tlie concrete by . llie maximum safe resistance moment of the 

section is then the smaller of the two calculated resistances. 


4. - Rectangular Beams with Compressive Reinforcement. 

• 

When neither sufficient deptli nor breadth can be obtained to provide sufficient 
compressive resistance in a section, compressive reinforcement has to be provided. 
The provision of this extra reinforcement does not generally lead to economy, 
although a certain amount of concrete is saved thereby, but in stanc cases, such 
as support sections of continuous beams, convenience of steel arrangement 
allows double reinforcement to be provided cheaply. 

The moment of resistance of a section doubly reinforced is the sum of the 
moments of resistance of the concrete and compression steel. The concrete 
moment would be calculated as for singly-reinforced beams, and the steel 
moment would be equal to 

where A^j — area of compressive reinforcement 

» /, == stress in the compressive reinforcement 

— distance from centroid of tension steel to centroid of 
compressive steel. 

If / equals the distance from the compressed edge of the section to the 
centroid of the compression steel (see Fi^, 37 (^)), then 

a, = d-f 

The method of designing a rectangular .section with given maximum stres.ses 
and limiting values of b and d, to take a specified bending moment, is as follows : 

K 
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I-'ind Q frcjm I'cihle No. 27 for the appropriate maximum stresses, and find from 
tJjc same 'J'al)l(i the value of for the stress ratio. Then the required 
mf)ment of resistance of the compression steel is given by M — Qbd^, 

Determine n n^d and evaluate and / from the formulce already given and 
substitute in 

A - 

7a 

to find the area of comi)rcssion steel required. Next evaluate the resultant lever 
arm from 

M _ 

^cfc H- 

:ind lind tlic area (jf tensile steel required from 

a, I' 

If is less than A^, the “steel-beam theory” is applicable and both 
and A(. should be ])roj)orlioncd thus 

y 

WluMi this method is adopted binders at 6 in. centres sliould be provided. 

('('I tain engineers are not in favour of the indiscriminate application of the 
“ sle(‘l-beain theory ” to reinforced concrete sections, and at first sight it would 
seem tliat a beam of any size can ])e designed to resist almost any bending moment 
irrespective; of the compressive stress in the concrete. In fact witli a theoretical 
steel stress ol 17,000 lb. jh'I' sf|iiare inch the maximum lil^re stress in the concrete 
would, in accordance with the usual assumptions, be mo>c than 1,150 lb. per 
.s(|uare inch, and, although this gives a factor of safety of at least two on the 
ultimate strength of average concretes, there is little margin for such factors as 
ac('idental overloading, ditierences ])etvveen theoretical and actual moments and 
stresses, yjoor workmanshi]), et('., such factors being those usually covered by 
the generally accepted factor of safety of four. Automatic partial safeguards 
against unreasonable use of the “ steel-beam theory ” include the provision of 
.sufficient concrete area for shear, the available space for the number of top and 
bottom bars reejuired, and the reduction of lever arm con.scquent upon large 
numbers requiiing more than one layer. 

In those ca.ses^where excessively high stressing of the concrete is particularly 
undesirable, a rational compromise is to pian idt; a section with equal tensile 
and compressive reinforcement, the area of which is determined so as to limit 
the concrete stress to 25 to 33', per cent, above the normal maximum working 
stress. Thus for a beam normally designed for 16,00c and 600, sections requiring 
A^^ in excess of to maintain the stresses within these limits could be designed 
with A^<" Aj and the concrete stress not exceeding, say, 800 lb. per square 
inch. For normal stresses of 17,000 and 700 the increased concrete stress might 
be 850 lb. per .square inch. On I'ahlcs Nos. 28 and 29 the resistance moments 
and area of steel jw inch width with A^, for the normal stresses of 16,000 

and 600 and 17,000 and 700, and for increased stres.ses of 16,000 and 800 and 
17,000 and 850, are tabulated, from wh.ich suitable beam section^ to resist given 
moments can be conveniently selected. 
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5. — Design of Slabs. 

It is usual to design slabs for a strip one foot in width and hence a slab is 
equivalent to a rectangular beam with b ^ 12 in., with tlic bending moment 
expressed per foot width. In general the formuhe develo))cd for rectangular 
beams apply also to slabs, but they can be modified to facilitate computation ; 
for example, the effective depth required 

= d = kyu 

and the area of steel == k^s/M. 

Values of ki and k2 are given on Table No. 30 for various stresses, and when 
using these values it should be remembered that M should in this instance be 
in foot pounds. The method of using this Table is to find the value of for 
the given permissible stresses and lind the effective depth from the formula already 
given. If this depth is adopted then the value of a])plicablc to the jiermissible 
stresses shoulfi be used to determine the area of reinforcement required ])cr foot 
width of slab. If any depth greater than that determined as above is adopted, 
find the value of 

, _ effective depth adoj)ted 

Vm ' 

and with the given steel stress find the corresponding value of Ag. This is the 
value that should be multiplied by V M to give A j^. If any depth less than that 
first calculated is adopted find tlie value of 

^ ^ (‘ffective depth adopted 

and with the given concrete stress find the corre^sjionding value of which 
should then be multiplied by \‘ M to hud the retjuired steel area. 

It is not common to reinforce slabs in compression unless a convenient 
arrangement of reinforcement is obtained thereby, but where it is necessary to 
do so the method of calculation would be identical with that for rectangular 
beams. 

Wheii the maximum prescribed stresses are 16,000 and 600, or 16,000 and 
700, or in the same ratio as cither of the.se pairs of stres.ses, suitable sections can 
be readily selected from Table No. 31, which gives the mqments of resistance 
of slabs 12 in. wide without compres.sion steel, with compression steel equal to 
one-half the area of the tension steel, and with compression steel C(jual to the 
area of the tension steel. The latter case is computed on the basis that the 
specified concrete stresses are not exceeded, and not on the “ steel-beam theory." 
The second case [A^J = o-^Aj) often leads to a convenient design when the 
moments at midspan and support are equal. In E/g. 38 are illustrated alternative 
ways of arranging slab reinforcement. 

In detailing ilabs certain points should be borne in mind. Independently 
of the amount of steel required to take the bending moment, the minimum amount 
of tensile reinforcement should be one-half per cent, of the section, and distribu- 
tion steel normal to the principal reinforcement should be provided. This 
distribution steel should not be less than o*i per cent, of the section, and for 



134 REINFORCED CONCRETE DESIGNERS* HANDBOOK 



Fig. 38.— Slab Details. 


slabs siil)j(‘ct to ])oint loads and not dosi/^nod as rectangular slabs it is advocated 
that the longitudinal distribution steel should be equal to one-sixth of the 
l)rinri])al tensile st(‘el. 'i'he luaxiinum spacing of the bars should not exceed 
twice the effecti\'e depth, and recoininended inaxinium spacings arc 

Sl.il) Ihickncss Maximum spacing 

3 >n. (} in. 

0 in, () m. 

12 in. ij in. 

24 in iSin. 

iMir slabs designed with reinforcement in two directions the reinforcement 
sj)anning across the shorter equivalent span should be placed at midspan, under 
and at (he sujiporls, over the reinforcement running normal to it. 

Shear reiulorcement is not usually necc.ssary in slabs, and generally shear 
need not be (onsidered unless the load exceeds one ton per square foot. 

Although slabs as thin as 2] in. can be satisfactorily constructed given a 
rich mix and constructional care, for general work 3 in. should be con.sidered 
as the miniinuin thickness. The ininiinum effective depth of the slab should not 
be less than one-twentieth of the s])an for a slab reinforced in one direction, nor 
less than one-thirtieth of the span for slabs designed to span in two directions. 

' 6. — Flanged Beams. 

Where beams arc constructed monolithic with a slab, the ^lab can be con- 
sidered as forming the compres.sion flange of the beam so long as the moment 
is such as to produce compression on the same face of the beam as is the slab. 
'I'he treatment of such beams is similar to that for rectangular beams, there 
being, however, two cases to con.sider : 

(а) When the neutral axis falls within the slab. 

(б) When the neutral axis falls below the slab. 

Referring to Fig. 37(c) the additional notation is 

- - total depth of slab 
ft, == effective breadth of flange. 
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The breadth of slab forming the effective flange of tlie beam should not 
exceed the least of the following : 

{a) The distance between centres of adjacent beams, or the extreme 
width of the available slab. 

(6) One-third the span of the beam. 

(c) Twelve times the thickness of the slab plus the width of the rib 
of the beam. 

If the slab only extends on one side of the rib and the effective section is 
an cll .section instead of a T section, the allowable width of the flange should not 
be greater than that given in («) or (^) above, nor greater than four times the 
slab thickness plus the rib breadth. 

The depth of the rib is determined by the effective depth required and is 
controlled by the same considerations as obtain for rectangular beams. The 
breadth of the rib is usually controlled by the area required for shear (sec next 
Chapter) but consideration should also be given to the accommodation of the 
steel ; unless circumstances dictate otherwise a rough rule for determining the 
minimum rib breadth in inches is 2 \ times the number of bars in one layer. 

When the neutral axis falls within the slab thickness the design of a tee 
or ell beam is identical with the design of a rectangular beam in which is 
substituted for h. 

When conditions are such that the neutral axis falls below the slab — that 
is, when n > — it is usual to neglect the small amount of compressive resist- 

ance afforded by the concrete lying between the neutral axis and the underside 
of the slab, and the lever arm is considered as 

a cl 

2 

This is only approximately correct, but the approximation is (ui the safe side. 

The moment of resistance of comprc.ssion is given by approximately, 

although if is very much less than w it is more economical to take the less 
approximate value of where equals the mean stress in the slab and 

is given by 


:(■ 


The moment of resistance to tension is given by A or the area of reinforce- 
ment required is found from • 

■ Ya 

It is not common for tee beams to require compression reinforcement, but 
where unavoidable the same principles as for rectangular beams will apply. 

Typical details of the arrangement of reinforcement in beams and slabs 
and the method of designing a floor panel, beam and slab construction, are given 
in the Additional Examples ” following Table No. 40. 
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SH1£AR RESISTANCE 

1.- Limiting Unit Shear Stresses. 

It is essential to ])ay as mucli attention to the provision of ample resistance to 
the shearing forces to which a structural member is subjected as to the provision 
of an adequate resistance moment. Sliear stresses produce diagonal tensile 
stresses in the cf)ncTctc ; if the latter exceed the safe tensile stress on the con- 
crete, reinforcement should be provided cither in the form of diagonal bars or 
binders to augment the shear resistance of the section. 7 'hus the shear resistance 
is provided by any one or any combination of the following components : 

(a) Concrete. 

(h) Steel binders. 

(c) Diagonal bars. 

1'hc maximum shear stress on a section is determined by the maximum 
shear force at that section divided by an area represented by the product of the 
lever arm and breadth of the section, 

that is, 5 --- 

ah 

where a -- lever arm of section 
b — breadth of section 
F - - maximum total shear force. 

The value of h for tec beams should be the breadth of Mie rib. * 

W'ithoui assist fincc from shear reinforcement the concrete ah)ne can safely 
take the shear F when 5 is not greater than the safe shearing stress specified 
on Table No. 23 for the particular concrete mix employed. The value of S may 
exceed if reinforcement is provided, but for general purposes a limit of 5 = ac, 
should not be exceeded. 

For main beams, if the full loading has been taken, and no reduction made 
as provided for in Chapter II, the maximum value of S can be taken as 4^.. 
h'or example, with concrete Mix C the tabulated value of is 60 lb. per square 
inch ; therefore no shear reinforcement is reejuired if the maKimum unit shear 
stress on the section is less than 60 lb. per square inch, and the value of 5 
should never exceed 180 lb. per square inch except for main beams when, 
subject to the proviso already stipulated, the maximum value pf 5 is 240 lb. 
per square inch. 
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2. — Shear taken by Concrete. 

In the most conservative practice it is considered that if the value of 5 
exceeds the concrete must be entirely neglected in calculating the shear resist- 
ance of a section. Among other engineers the otlier extreme is practised, and 
irrespective of the value of 5 the concrete is always considered as capable of 
taking Q Ib. per square inch of section. 

Rational design would seem to lie between these two extremes, and instead 
of disregarding the concrete altogether when S is greater than a diminishing 
effective value of Q should be taken as 5 increases, so that the value of the 
concrete when 5 equals is lb. per square inch and is nil when S is equal 
to or greater than 2Cv.. Thus for a concrete Mix C, when S does not exceed 
bo lb. per square inch the concrete stress can be taken as 60 lb. per sciuare inch 
and the concrete takes all the shear ; when 5 90 lb. per square inch the con- 

ciete stress can be taken as 45 lb. per square inch and the concrete takes half 
of the total shear leaving half to be taken by the shear reinforcement ; when 
vS exceeds igo lb. per square inch the concrete should be neglected and all the 
shear resisted by shear reinforcement, (jenerally, therefore, if rF equals the 
shear to be taken by the steel, between the limits of S — and 5 = - 


S 



Values of r are given on Table No. 33 for various values of S for various 
mixes. 


3. — Shear taken by Binders. 


The shear taken by vertical binders is given by 


At a 
P 


J^a 


where A - - cross-sectional area of binder taking into account the 
number of vertical arms. 

/ allow'able tensile stress in binders. 
a - lever arm of section. 

/> - pitch or spacing of binders. 

K - = shear value of binders (taking into account the diameter 
of the bars from which the binders arc made, the allow- 


Al 

able strc.ss, and the pitch) — — . • 

Values of V for various stresses, spacings, and sizes of bar for two- armed 
binders are given on 'Table No. 33, and the .shear resistance of any system of 
binders can be found by multiplying the appropriate value of V by the lever 
arm of a given section. 

The safe value of the maximum working stress to be adopted in calculating 
the shear resistance of binders should depend on the tensile or shear strength 
of the concrete, land for concrete of Mix C a general value of 14,000 lb. per square 
inch is recommended. For Mixes E and F the values of t should not exceed 
15,000 lb. and 16,000 lb. per square inch re.spec lively. 

In certain cases, .such as beams subjected to vibration and impact, the 
stresses should be less and should be of the order of 12,000 lb. per square inch. 
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L'or such beams, also, small diameter binders at close pitches are preferable to 
larger diameter bars at wider spacings. 

The spacing of binders to take any given shear force F is given by 

^ Ata 
p = -jf- 


To be effective as shear reinforcement the value of p should not exceed the 
lever arm, and if the calculated value is greater than a the diameter of the binders 
can be reduced until a suitable pitch is attained. Although binders may not 
be required for shear they should always be provided in a beam (except in simple 
lintel beams), and the maximum spacing should not exceed the effective depth. 
The minimum diameter of bar suitable for binders is J in., and bars over \ in. 
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Fig. 39. — Beam Binders. 


diameter are usually diflicult and costly to provide satisfactorily. When com- 
])ression steel equal in area to the tension steel is provided in a beam and the 
calculation for resistance moment is based on the “ steel-beam theory," the 
pitch of the binders should not exceed 6 in. and the diameter should be arranged 
accordingly. 

All binding should be effectively anchored to the top bars in a beam ; Fig. 39 
indicates a number of approved shapes commonly adopted. 

4. -Shear taken by Diagonal Bars. 

The shear-resisting value of a bar diagonally crossing a section is equal to 
the vertical component of the direct tension in the bar ; that is, 

F “ At .sin 0 

where A normal cross sectional area of bar 
t ^ maximum allowable tensile stress 
0 — angle made with the horizontal. 

If tlic bars are arranged as ijidicated in Fig. 4o(«), this expression evaluates 
the shear at any vertical section in the length L. If the diagonaTbars are dis- 
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posed as shown in Fig. 40(6), where the topmost bend of any bar is immediately 
above or to the left of the point of bending up the preceding bar, in effect there 
are two systems of the diagonal bars shown in Fig. 40(a) ; hence the shear resist- 
ance of any vertical section in the length Li is equal to 2F, and a resistance of F 
in the length I*. 

If, as in Fig. 40(c), the line ST drawn at 45 deg. to the horizontal through 
the midpoint of any section XY intersects any number of diagonal bars, the 
shear resistance at this section due to these bars alone equals the sum of the 
shear resistance of each bar. 

Tests indicate that diagonal bars are more effective than binders in resisting 
shear, and therefore a somewhat higher stress can be allowed than for vertical 
binders. Irrespective of the stress in the principal tensile reinforcement, the 



(d) 




Fig, 40. — Shear Bars. 


stress in diagonal shear bars should not exceed 16,000 lb. per square inch for Mix 
C concrete, 17,000 lb. per square inch for Mix E, and 18,000 lb. per square inch 
for Mix F ; irrespective of the richness of the mix the stress should not exceed 
the maximum tensile stress in the principal reinforcement. * Generally it is pre- 
ferable to work to stresses less than those stipulated ; this is always the case 
with beams subject to impact and vibration. 

Whatever the stress adopted, shear bars should always be anchored hori- 
zonially beyond the bends sufficiently to develop the stress adopted. If a bar 
is simply hooked at the top, as in Fig. 4 o(^)» instead of being bent horizontally, 
the allowable stress should not exceed 8,000 lb. per square inch and the value 
of such a system is only equal co F. This design is not advocated for any 
members except those of little importance. 

On Table No. 33 are tabulated the values of F for bars from | in. diameter 
to I J in. bent up at 45 deg. for stresses from 8,000 lb. to 18,000 lb. per square inch. 

Diagonal shear bars are usually provided by simply bending up the main 
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tensile reinforcement, but in so doing inspection must be made to ensure that 
beyond the bending-up point the bar is not required to assist in providing resist- 
ance moment. The limiting points at which bars can be dispensed with as 
regards bending are tabulated on Table No. 32, which applies to beams having 
up to eight bars in the principal tensile reinforcement. (Although bars can be 
bent up at the points indicated it does not imply that if they are not bent up 
they can necessarily be stopped off at jhese points, since they may not have 
sufficient bond length from their point of critical stresses. This aspect depends 
on the rate of change of bending moment, and should be investigated for any 
particular beam.) 

5. — Design Procedure. 

iLxamples of the calculation of the shear resistance at any section of a beam 
and the design of a section to take a certain shear force arc given on page 238. 
In general the procedure would be as follows : 

To calculate the shear resistance at any section, the factor V for the binders 
is read fnjin ’Fable No. 33 and by multiplying by the lever arm the sWear resistance 
of the binders is obtained. The resistance of any diagonal bars will be the sum 
of resistances of each bar as read off the Table, and the total resistance due to 
the steel, say is the sum of the resistance of the binders and the diagonal 
bar resistance. The total shear value will be plus the concrete value, which 
depends on the magnitude of the applied shear. 

F 

In designing a section the first step is to determine S from S == and then 

allocate to one of the three following cases : 

('ase T, S less than , 

Ease 2, S greater than and le.ss than zC^. 

Case 3, S greater than 2 (\. 

In llie fir^t case no shear reinforcement is required. If the problem falls 
in ('as(' j, liist look up on Table No. 33 the value of r ami find F^ - rF. From 
ins|iection, deride whether tlie shear reinforcement shall consist of binders or 

/ 7 , 

diagonal bars, or both. Tl binders alone, then gives the value of V required, 

and a suitable ])itch and diameter can be selected from the Table. If diagonal 
bars form the juincipal reinforcement there would generally be some binders, if 
only a noiiiinal amount, and the value of V for these binders can be found from 
the 1 'able. Diagonal bars should then be provided to take the shear {F^ — Va). 
If both diagonal bars and binders arc jmjvided, the procedure is*to combine and 
adjust the values of Va and [F^ Fa) as best suits the problem in hand. 

If Case 3 applies all the shear will be resisted by 'hear reinforcement, and 
the determination wall be as for Case 2, considering Fg — F. 

In important beams it is advisable to plot the shear resistance diagram for 
the whole beam on the same base and to the same scale as the shear force dia- 
gram, and be assured that the latter is amply covered by the foimer. For normal 
beams it is usually siifhcient to determine the i)oint at which no shear reinforce- 
ment is required and calculate the reinforcement required at the point of maxi- 
mum shear. Between these two points the intermediate shear ^reinforcement 
can generally be allocated by judgment. 
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COLUMNS 

1. — Column Loads. 

The working stress for wliicli a column should be designed depends among other 
factors on the precision with which the loading is estimated and upon the method 
adopted for calculating the maximum stresses. Generally the standard stresses 
given on Tah^e No. 23 should be worked to, but the modifications given in Chapter 
TX should be taken into account where ap^plicablc to column design. 

If the loads are approximately ascertained, as when column loading calcu- 
lations arc based on the relative floor areas without reference to the beam arrange- 
ment, the standard stress should not be exceeded. When the column loads arc 
calculated carefully from the beam reactions (care being taken that the total 
of all the beam reactions represents the total load on the floor or other part of 
the structure in question) the standard stress could be exceeded, especially if the 
reactions have been judiciously computed from clastic theories, or if the column 
is in a tall building in which it has been con.sidered that all floors arc fully loaded 
simu]taneou.sly. If the usual load reduction factors for multiple-floor buildings 
(see Chapter II) have been applied, or if the column supports a water tank or 
other container, then the standard stress should not be exceeded ; in fact, if the 
loads are those likely to be normally experienced but occasionally the column 
may be subjected to higher loads, or if the bulk of the total load is dead load, 
the value of the working stress should be maintained low. When the application 
of the live load is accompanied by impact or vibration, and if the effect of these 
factors has not already been allowed h)r in the loading calculations, the working 
stress should be below the standard stress, the amount of the reduction being 
dependent on the estimated relative magnitude the load and the impact effect. 

If secondary stresses due to the fixity of beams or to bending due to wind 
pressure, to minor eccentricities of loading, or to other causes, are ignored, then 
the standard .dress should certainly not be exceeded, but in all cases of single- 
lift columns the wind moment should be calculated. If all calculable factors 
are allowed for in determining the stresses, the maximum stress could be 20 per 
cent, in excess of the standard stress. 

For columns carrying direct loads only, the stres.ses computed on the whole 
section should not exceed the standard stress irrespective of any of the foregoing 
conditions allowing increased stresses being fulfilled, since these conditions 
generally apply only to column .stre.s.ses calculated on the core section. For 
columns where the inclusion of a bending moment determines the maximum 
stress, the whole section should be considered effective. 

As will be discussed later, modifications to the standard stresses should also 
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be made in the case of slender columns or columns with more than the minimum 
amount of binders or with continuous helical binders. 

2. -Columns with Independent Binders. 

The effective area of a column section is the area of the concrete plus m 
times the area of the longitudinal reinforcement ; for a rectangular column 

A — BD (m — i)A(, 

where B and J) arc the breadtli and width of either the core or of the whole sec- 
tion (see 41) depending on which is considered as the effective load-carrying 
section. 1'lic value of m (lei)ends upon the mix, and common practice accepts 
those values given on 'fable No. 23 for ordinary calculations notwithstanding the 



fact that such values underestiinate the modulus for normally made concrete 
and give values of ni in excess of true values. 

1'he safe axial load carried by a short column is 

W - cA 

and thus the concrete stress in a short column carrying a concentric load is given 
W 

by c ^ j , but when the column is subjected to bending due to the eccentricity 

of the load or to other causes the stress should be calculated by the appropriate 
method described in Chapter XIV. 

In a normal column the amount of reinforcement should be reasonable com- 
])ared with the size of the column, and the following limits are generally suitable : 
Minimum area of longitudinal 

reinforcement -- o*8 per cent, of whole concrete area. 

Maximum ,, ,, ,, “4 per cent, of core area. 

Minimiun volume of binders — 0-2 per cent, of the whole concrete 

volume. 

»> =5 cent, of core volume. 

,, Sixteen times the diameter of the 

smallest longitudinal bar or three- 
quarters of the width of the column, 
whichever is least. 


Maximum „ 
Maximum spacing 
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Some general properties of longitudinal reinforcement and binders in columns 
are given on Table No. 34. 

When the volume of binders in the form of independent rectangular hoops 
equals or exceeds 0-5 per cent, of the core volume of the column, the allowable 
compressive stress calculated on the core section can be increased to where 
Ci = c(i + o-i p), 

c = standard stress or maximum permissible stress, and 
p = volume of binders expressed as a percentage of the core volume. 

In no case should Cj be 50 per cent, in excess of c ; thus the limiting useful 
percentage of binders would be 5 per cent, of the core section, this value of p 
giving Cl = I ‘Sc. Values of for intermediate values of p are given on Table 
No. 34, together with tlie corresponding stress increase values allowed by the 
IQ15 London County Council Regulations. 

The latter allow increased stresses up to a 
maximum of one- third above the ordinary 
allowable siress when the volume of inde- 
pendent rectangular binders exceeds 0*5 per 
cent, of the core volume. The amount of 
increase for any given percentage depends on 
the spacing of the binders and conforms to 
the expression : 

Cl = c(i -h ap). 

When the spacing equals or exceeds o*6 
of the least core width, the value of a is zero. 

For high percentages of binders the spacing is 
more or less settled by the limit in convenient 
diameter of the bar from which the binder is 
made, and therefore it is not i)robable that the 
ratio of spacing to core width would be as high 
as 0*6 when 5 per cent, of binders is provided. 

The largest convenient diameter, of binder is 
\ in., but larger diameters can be used ; 
usually a much smaller bar is all that is neces- 
sary, and in. is a very convenient size. The 
arrangement, and therefore the diameter and spacing, of independent binders 
depends on the number of longitudinal bars in the column ; Fig. 42 illus- 
trates a variety of arrangements. Those arrangements in which the binder 
is in the form of links provide almost twice the length per layer (and there- 
fore almost twice the volume for a given diameter) than the simpler types, 
and are therefore useful for providing large percentages with small diameter 
binders. 

When the spacing of binders varies throughout the length of a column, cal- 
culation of the volume of binders should be made in relation to the maximum 
spacing. Immediately above and below a joint in the longitudinal reinforce- 
ment the binders should be spaced at closer centres than elsewhere required in 
the column. Such joints should only be made at floor levels or beam intersec- 
tions, unless unavoidably otherwise, as in that po.sition a more secure and more 



^ 








_jd_l 
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Fig. 42. 

Typical Column Binders. 
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conveniently constructed junction is obtained. Two types of column splices are 
indicated in Fig. 43. 

The range of maximum safe loads carried by square columns of various 
mixes and with maximum and minimum percentages of binders and longitudinal 
reinforcement is tabulated on Table No. 35. These loads have been calculated 



Fig, 43, Alternative Details of Column Joints. 


on the sl.jndard stresses for the s])eciticd mixes, and if tliese stresses are modified 
a proportionate modification sliould he made to the safe load. From this Table 
a suitable design for a sciuare column can readily be selected to carry a given load. 

3.- Slender Columns. 

When the ratio of the “ free height ” of a column to its least overall width 
exceeds 12 the working stress must be reduced below the standard stress to allow 
for secondary bending stresses due to slenderness. The value of the reduced 
stress can be calculated from the cxjiression 



where R — ^ — maximum ratio of free height to overall width. 

In general the value of R should never exceed about 40, but it will be ob- 
served from the values of - '■* derived from this expression and given on Table 

c 

No. 34 that the allowable stress is less than half the standard stress when R 
exceeds 27 and is zero when R — 42. The free height " of a column depends 
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upon the end-fixing conditions of the column as well as upon the clear height 
of column between lateral supports. The end conditions of columns have already 
been discussed in Chapter V, and when complete fixity or hinged ends are realised 
the equivalent values of h can be considered as equal to kH, where H actual 
clear height of column between lateral supports and k has the billowing values : 

One end fixed and one end hinged, k i-o 
Both ends hinged, k ^ - 1*4 

One end fixed and one end free, k -- 2-8 
Both ends fixed, k 07. 

From these values intermediate or indeterminate cases of fixity can be 
gauged, but usually in a reinforced concrete striiclurc the end conditions are 
more or less equivalent to one end fixed and one end hinged. For this reason 
k is taken as unity for these conditions, and formula (i) takes account of R being 

calculated from ^ for this case. The London County Council Regulations 

(1915) take “ both ends fixed ” as the basis (but maintain the relative proportion 
given above for other conditions) and base the consideration of slenderness of 
square columns on 

free height with both ends fixed 
^ width of core 


Alternatively the safe stress on a slender column can be computed by one 
of the many slender column formuke recommended by various authorities. One 

such formula in general use reduces to 

« 

I + 0-00I2R2 • • • • • (2) 

and in this form is applicable to reinforced columns of rectangular section with 
the general indeterminate end fixing conditions. This lormula is derived from 
the general expressiim applicable to compression members of any section where 
the ratio of height to radius of gyration exceeds 20 

( 2 «) 

I 4 O’oooi 

r 

where - free h eight [kH) 

r radius of gyration' 

The value of - should in no case exceed 160, in other words R should not 
r 

exceed 46 approximately for square or rectangular columns. 

From formula [za) the reduced stress for circular and octagonal slender 

c h 

columns can be calculated ; values of -- for various values of arc given on 
• c r 

Table No. 34. For convenience, the radii of gyration for such sections arc 

also given on this Table, together with the values of allowed by the London 

c 

County Council Regulations (1915). 
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The German Regulations used to incorporate formula (2a), but now they 
adopt a simpler relation that expressed in the same symbols is as follows : 


'J yjH! ol Column 

- 15 


Without Ilelirally 
bound core 
C'i 

- • = 1*00 
C 


With Helically 
Bound core 


-- 20 
25 


= o*8o 

== 0-57 


0*59 

0*37 


For other values of R the stress reduction factor can be interpolated. 


4. — Helically-bound Columns. 

]^y making the binding in a column in a continuous helical form instead of 
in independent layers the stress to which the bound core can be safely subjected 
is much increased. Most building regulations give methods of calculating the 
increase in allowable stress, and for general practice the following conditions are 
aj)plicable. 

The form of the binding must be circular, or practically so, on plan, and 
the area concrete cflcctively stressed must be limited to that contained within 
the bound core. The minimum volume of helical binding must be 0*5 per cent, 
of the volume of this bound core before any stress increase can be considered, 
and the maximum increase should be limited to 100 per cent, more than the 
safe stress on tlie column if designed in the ordinary way. To give this maximum 
increase the amount of binding has to be 3*13 per cent, of the core volume. The 
increased stress for any less percentages, p, is given by 

Cl =-- c(l - 1 - o-32/«) (3) 

VilliK's of ^ ‘ for various pcrceiitaKOS are given on Tahle No. 34. The maxi- 

c 

mum safe load which a helically-bound column can carry is given by 

IF ^ - [07854D2 -h i)J(i + . . . (4), 

where m - the modular ratio as given on Table No. 23 for various 
mixes 

c — standard or maximum permissible stress, and 
/!(, area of longitudinal rcinforccnbnt which should not be 
less than 0*8 per cent, of the hooped core nor more than 
4 j)cr cent. 

t. 

The value of c must be adjusted when, because of slenderness or other reasons 
the standard stress cannot be permitted. On Tahle No. 35 arfc tabulated the 
maximum safe loads on helically-bound columns of various sizes, with the maxi- 
mum and minimum percentages of longitudinal reinforcement and binding, for 
various mixes, assuming that the standard stresses can be used. Any adjust- 
ment to the permissible stress would produce proportionate adjustment in the 
maximum safe load. 

The allowable increased stress in accordance with the London County Council 
Regulations (1915) is identical with formula (3) when the spacing of the binders 
is not more than one- fifth of the core width ; for wider spacing the allowable 
increase is less, and the maximum increase is limited to 50 per cent, of the ordinary 
permissible compressive stress. The permissible load carried by the column is 
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found from formula (4), but the value of m must be taken as 
than the generally accepted values. 


— which is less 

0i 


5.— Economical Column Design. 

As so many variants enter into tlie problem of designing a column, it is not 
easy at first sight to decide which combination leads to the most economical 
member. Given a constant slenderness factor, and any specified load over 100 
tons, consideration of varying richness of mix, of maximum and minimum per- 
centages of binders and longitudinal reinforcement, and of independent and 
helical binders, would lead to the following general conclusions. 

Other things being equal the richer the mix the more economical the column 
becomes. In square columns the minimum volume of binding and the minimum 
amount of longitudinal reinforcement produce the cheapest design for a given 
mix. Also for any one mix a square column is generally less costly than an 
octagonal column with a helically-bound core. 

Taking eight alternative methods of design for columns taking loads from 
100 tons to 500 tons, the economical order is as given below ; the most efficient 
type heads the list, and the most costly is about 50 per cent, more expensive 
than the cheapest. 

Mix F, square with minimum volume of independent binders and mini- 
mum area of vertical steel. 

Mix F, octagonal with maximum volume of independent binders and 
minimum area of vertical steel. 

Mix E, square with minimum volume of independent binders and 
minimum area of vertical steel. 

Mix E, octagonal with maximum volume of helical binders and mini- 
mum area of vertical steel. 

Mix C, square with minimum volume of independent binders and mini- 
mum area of vertical steel. 

Mix C, octagonal with maximum volume of helical binders and maxi- 
mum area of vertical steel. 

Mix C, octagonal with maximum volume of helical binders and mini- 
mum area of vertical steel. 

Mix C, square with minimum volume of independent binders and maxi- 
mum area of vertical steel. 

Columns with helically-bound cores are either square, octagonal, or circular ; 
usually an octagonal section is the most economical of these, since the shuttering 
is less costly than for a circular column and there is le.ss ineffective concrete in 
the corners than in a square column. The minimum outside size of the column 
should be 3 in. more than the diameter of the bound core. 

Although helically-bound columns are not necessarily the most economical 
fonn of column construction, the extra cost is usually offset by the advantages 
arising from the extra available floor space, especially in multifloor buildings of 
the warehouse class. 



CHAPTER XIV 


COMBINED STRESSES 

1. — General Principles. 

Thk maximum stresses in certain structural members, such as arches, walls of 
recta Ilf* u I ar silos and bunkers, tie beams, columns subject to eccentric loads, 
chimneys, etc., arc due to the combined effect of bending and direct force. The 
latter may be either a pull or a thrust, and the method of determining the magni- 
tude and distribution of the stress on the section depends on the nature of the 
direct force and the relative magnitude of the moment and the force. There 
are three principal cases to consider : 

(i) When the direct force is a thrust and the resultant stresses on the section 
arc wholly compressive. 

(ii) When the direct force is a pull and the resultant stresses on the section 
arc wlujlly tensile. 

(iii) When the direct force is either a pull or a thrust and both tensife and 

compressive forces arc produced on the section. ' 

'J he effect of a moment M and a direct force N acting simultaneously on 
a section is equivalent to a direct force acting at a distance e from the centroid 

M 

of the stressed area where e -=5 For convenience it is usual to consider that 

this eccentricity e is measured from the centroid of the concrete area, and the 
error involved in this approximation is negligible. In some problems the actual 
eccentricity of the load on the member is given, in which case, if the resultant 
moment is required, it can be dctcmiined from the equation M = eN. 

Ihc value of e relative to the dimensions of the section determines into 
which of the thre(j cases the problem falls. For problems coming within the 
limits of Case (i) the maximum and minimum stresses are calculated by adding 
and subtracting respectively the stresses due to the direct force alone and to 
the moment alone. The limit of applicability of this case is reached when the 
tensile stress that would be produced by the bending moment alone (considering 
the whole concrete section as well as the steel fully effective) equals, or slightly 
exceeds in some cases, the compressive stress due to a concentric load N. With 
rectangular sections with normal percentages of reinforcement these limiting 

conditions are approached w^hen the ratio of ^ lies between 0^167 0-5 where 

D equals the total depth of the section. For any section the limiting value of 

e equals where A is the effective area of the section expressed in concrete 

148 
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units and Z the nuxjiulos of the effective section (also expressed in concrete units) 
measured about an axis passing through the centrdd of the section. 

When A/* is a pull the stresses on the section are entirely tensile and the 

problem falls under Case (ii), when the ratio j is less than 0*3 where / is the 

distance between the centroids of the reinforcement on opposite faces of the 
section. In this case the tensile resistance of the concrete is entirely neglected. 

When Case (i) is applied to a particular problem with N a thrust and exces- 
sive tensile stress is produced in the concrete, or when Case (ii) is applied to 
a problem with 'N a pull and compressive stresses are produced, the problem 
should be considered as coming within the limits of Case (iii), and various methods 
of calculation of the stresses for this case have been devised by various engineers. 
Any direct method of solution of such problems becomes complicated as an 


N (THffOSTj 




caseCi^ CASECni) 
Stress distribution 


Fig. 44. — Rectangular Section. 


exact analysis involves the solution of a cumbersome cubic equation, and any 
ready means of computation would necessitate the possession of an impracticably 
large number of curves if all the probable variations of the components of the 
equation are to be allowed for. The comprehensive metho^ advocated in this 
Chapter involves the assumption of a trial factor that can be checked and adjusted, 
and in common ^ith all other methods this method is based on the two conditions 
of equilibrium that 

^ (a) the algebraic sum of all forces acting on the section equals zero, 
and 

{b) the algebraic sum of the moments of all forces acting on the section 
equals zero. 

For rectangular sections, or sections reducible to equivalent rectangles, the 
notation will be in accordance with that indicated on Fig, 44, and for the con- 
sideration of any irregular section the notation will be as shown on Figs, 45 
and 46. When there is no reinforcement on the compression face of the section. 
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the factor A ^ in the formulai will be written zero and consequent simplifications 
will follow. 


N (thcust). 



For convenience an abstract of the methods of stress determination for any 
given rectangular section subject to combined bending and direct pulls or thrusts 
is given on Table No. 36, together with values of certain of the factors involved 


N (thrust.) 



in the calculation. For large values of (say exceeding 1-5) an approximate 

method can be followed that gives the resultant stresses on the. section with a 
reasonable degree of accuracy. 
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2. — Rectangular Section subject to Bending and Compression where 

e is less than 0-167D. 

In this case, with any proportion of reinforcement, compressive stresses 
only are developed on the section and the maximum and minimum values are 
given by 

N , M 

For a rectangular section the values of A and Z are given by 
A ■— A I A 2 

where Ai (m — + Aj) 

and A 2 = hD. 


In this case Z 


, A 2D 


Tlie design of sections for this case involves the assumption of trial scantlings 
and reinforcement areas. 


3. — Rectangular Section subject to Bending and Compression where 
e is greater than 0‘167D and less than 0‘5d. 

With no reinforcement (a plain concrete section) tension would be developed 
in one face of the section when e exceeds o-iGyD, but with increase in the pro- 
portion of reinforcement the ratio oi e io D can be considerably increased before 

tensile stresses are developed. The actual limiting value of depends on the 
amount of ^ 4 ^ and and the relative values of f, d, and D. Cases where ^ 

lies between 0-167 and 0-5 should be first treated as if were less than 0-167, 

and if no tensile stress is developed the stresses calculated by this method will 
be the actual stresses developed. Even if a small amount of tensile stress is 
developed, treatment as in Paragraph 2 is justified so long as the tensile stress 
in the concrete for the worst combination of M and N does not exceed about 
one-sixth of the allowable compressive stress. 

If the stress calculated in accordance with Paragraph exceeds this limit 
the tensional resistance of the concrete must be ignored, and the stresses calculated 
as in Paragraph 4. 


4. — ^Determination of Stresses for a Rectangular Section subject to 
Bending and Compression where e is greater than O-Sd and less 
than l-5d. 


This is the general case, when tension on the concrete is ignored, and is 
applicable to sections with and without compression reinforcement and with any 
d — f 

cover ratio or value of and any ratio of elastic moduli. 

The first steps are to take a trial position for the neutral axis by assuming 
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the neutral axis factor (see observations in Paragraph 13) and calculate the 
maximum stresses c and t from the formulae 


NF 

" Gbd + Kf, 
^_ cU^K)-N 


(1) 

(2) 


where the factors F, G, K, and J have the following signification 


G = 


K = HAo where H = 
J = o- 56 <f«x- 


(w — l) (Wx +/i — i) 
«x 


The ratio - calculated from formulae (i) and (2) should coincide with or 
c 

be very nearly equal to the stress ratio corresponding to the trial value of Wj, 
and the appropriate modular ratio as determined from 





In the first trial there may be some discrepancy betweeii the two values of 
in the event of which the factors G, H, and J should be amended and a second 
calculation made for c and t ; this should give a satisfactory value of Wj. On 

Table No. 36 values of Wi for various values of j for various modular ratios are 

tabulated, together with values of G and H, The value of F is constant for 

a given section with given ratio of 

When the section is only reinforced in tension formulae (i) and (2) become 
simplified to 

NF 
^ “■ Gfd 


since K equals zero. 




5. — Design of Rectangular Section subject to Bending and Compression 
where e is greater than 0‘5d. 

If the member being designed is a slab, mid-span section of beajtn> etc., and 
need not have compression steel, suitable concrete sizes and tension steel area 
can be determined by first assuming an appropriate value of d (and therefore D) 
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and finding the minimum breadth of section required to keep the concrete stress 
within the specified limit frcm the relation 



In this instance G is calculated (or read off Table No. 36) from the per- 
missible values of / and c. The area of tension steel required is given by 

Aj, - j . 

If the value of b thus obtained is unsatisfactory, an adjustment to the 
assumed value of d might give a reasonable section ; but if no suitable value of 
b is obtained within rational or permissible limits of d, then a convenient section 
can be found (a) by reducing the working stress in the tensile reinforcement, 
thereby increasing the area of concrete in compression ; (b) by adding compression 
steel ; or {c) by combining (a) and (6). 

If reinforcement is added to aid the compressive resistance of the section, 
or if the member is such that conventional design or other considerations require 
the provision of compression steel (for example, columns, piles, support section 
of beams, sections subject to reversal of flexure), it is necessary to assume (or 
fix from other considerations) suitable values of b as well as d. With these 
values, and with the ratio of the allowable stresses in tensile steel and concrete, 
the factors F, H, /, and G can be calculated or read off Table No. 36. The amount 
of compression steel required is given by 

A 

^ ~ Hh 

where P = — bdG. 

c 

The area of tension steel can be found from 

_c(J + HAc)-N 

^ . 

li A (j should exceed Arp both values should be adjusted by reducing the 
value of tensile stress or by modifying the concrete dimensions. 

6. — Rectangular Section subject to Bending and Compression where e 

is greater than V 5 d. 

When the eccentricity of the thrust is large compared*with the dimensions 
of the sectionsdhe stresses will be primarily determined by the bending moment, 
the thrust only producing a secondary modification. In this case the stresses 
should first be calculated for the bending moment on the section alone as described 
in Chapter XI. The actual stresses can then be determined by adding Ci to the 
maximum compressive stress in the concrete, and by deducting mcx from the 
maximum tensile steel stress, where 

N 

• Q — - - - ^ 

* ' Arpfn + + Ap;[m — i)’ 

e 

The design of sections that are within the limits of - applicable to this case 
* ^ 
can be r^dily carried out by the method outlined in Paragraph 5. 
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7.— Any Section subject to Bending and Compression where e is less 

than 

A 

Given any reinforced concrete section subject to a direct force and a moment, 
M 

the relative magnitude of ^ being small, the first step in the determination of 

the stresses is to find the effective area of the section and the modulus Z of the 
section about an axis passing through the centroid of the section. When the 
section is symmetrically reinforced about the axis of bending, and is either 
rectangular (bending about a diagonal), circular, octagonal, or annular, etc., the 
values of A and Z for the concrete section are readily obtained from the data 
given on Table No. 39. The additional area and additional modulus due 
to the reinforcement are given by 

A ^ ■ (m — i)SA.j, 

Zj - ^ Z.AJ.X 

where Aj, = area of a bar or group of bars placed at a distance x from the axis 
of bending. 

When the section is irregular, as in Fig. 45, the values of A and Z can be 
determined by dividing the section into a number of narrow horizontal strips 
and by calculating the position of the centroid of the section, the effective area 
of the section, and the moment of inertia of the section. Thus, referring to 

45 

Eficctive area of each strip = — i) + gh a 

Total effective area of section • ^ Ha = A 

Hax 

Position of centroid : //j - - - , - 

la 

Moment of inertia : I = Ha(o‘oS^]h'^ -(- H'^). 

If h is small compared with g the term 0-083/^2 neglected. 

'riie maximum compressive stress is given by 

N , H,M 
c - + -J - 

and the minimum compressive stress is given by 

N H^M 
^^^ A 7 ' 

In extreme cases may be negative ; this is permissible if the magnitude of 
this tensile stress on the concrete does not exceed say one-sixth of the allowable 
compression stress. 

8. — Any Section subject to Bending and Compression whcjfe e is greater 

than -r. 

A 

When the value of as determined in the preceding paragraplj, exceeds the 
permissible negative value, or in those cases where e is so large compared with D 
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that the simultaneous production of compressive and tensile stresses can be 
assumed at the outset, the tensile stress on the concrete should be neglected and 
the total tension should be resisted by reinforcement only. In this case it is 
necessary to select a position for the neutral axis, either after consideration of 
the maximum permissible stresses or otherwise, and to plot tliis axis parallel 
to the line of action of the direct force on a diagram of the given section drawn 
to scale, as indicated in Fig. 46. Next hnd the centre of gravity of the forces 
represented by the tension in the reinforcement below the neutral axis : 

Total area of tensile reinforcement, = 

Position of centre of gravity, p ™ - 

where = sectional area of individual bars or groups of bars. 

If all the bars arc equal in diameter, then 



The next stage is to divide the compression area above tlie neutral axis 
into a number of narrow horizontal strips. The depth h of each of these strips 
need not be the same, as any regularity in the conformation of the section may 
suggest convenient subdivisions. When the strips are of equal depth, or when 
the section is symmetrical or is hollow, the necessary modifications and simplifica- 
tions should be readily perceivable. 

For each strip determine the factors Q and 5 , where 

* Q = I ("» - i)«.] 

and 5 — 

being the total area of reinforcement in each strip. 

In previous cases the eccentricity of the direct force has been measured about 
the centroid of the concrete area ; this method can also be adopted in the case 
under review, but the centroid calculation can be avoided without serious sacrifice 
of accuracy if e is taken to represent the distance from the neutral axis to the line 
of action of the direct force. With this approximation the calculated maximum 
stresses are given by 

_ Nn{ej^p) 

ivs' 



The value of n corresponding to these stresses should be compared with the 
assumed value, and adjustment made if necessary (see Paragraph 13). 

The design of sections falling within the limits of this case is most readily 
determined by assuming (or otherwise determining) the scantlings of the section 
and a disposition for the reinforcement. The position of the neutral axis would 
generally be such as would correspond to the permissible maximum stresses, 
and Cl and ti y/ould be found by the method and formulae already given. If Ci 
is not appreciably less than the permissible concrete stress c, the maximum 
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area of tension reinforcement, disposed as assumed in calculating would be 
given by 

where t = permissible tensile stress. 

The following example will indicate the application of the method to 
determine the stresses on the annular section illustrated in Fig» 47, which is 
subjected to a bending moment of 1,000,000 in. lb. and a direct force of 50,000 lb. 

N ® 50,000 L 55 . CtmBUSt) 



Here e 


20 in. and^- = 0-56. 


Assume « = 13 in. (about o-38f^), then 


Arp = nine |-in. bars below the neutral axis -- 277 sq. in. 
2(52 + ii2 + i6p + 20^) + 21^ 


p-~- 


= 16-4 in. 


2(5 + II + 16J + 20 ) + 21 
Divide the area above the neutral axis into the strips A, and D, and with 


m = 

15 determine the 

values 

of Q 

and S 

thus : 





strip 

g 

h 

gh 

(w - i)a^ 

C> 

H 

H 

Q 

s 

^5 

A 

14 in. 

3 ill. 

42 

8-6 

51 

iij in 

586 

27-9 

16,400 

B 

24 in. 

3 ill. 

72 

4*3 

76 

8| ill. 

645 

24-9 

16,080 

C 

16 is. 

3 ill- 

48 

8-6 

57 

5 i in. 

314 

21*9 

6,870 

D 

I2.i in. 

4 in. 

50 

8-6 

59 

2 in. 

118 

• 

18-4 

2,170 








^.663 




Cl = 


50,000 X 13 X 36-4 


ti = 


21 


41.520 


= 569 lb. per square inch. 


V T — an nnn 


i 6 - 4 X 2 v/\-ij / 

The value of n corresponding to these stresses is 


TO finn Ih npr cniii:irp inrfi 


34 

, 10,600 

I 4 — 2- 

15 X 569 


= 15-2 in. 
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compared with the trial value of 13 in., and considering the magnitude of the 
stresses a second trial should not be necessary as any reasonable increase in n 
will only slightly modify the concrete stress and will still less affect the steel 
stress. However, the problem will be re-worked with n ~ 14-5 (that is, ij in. 
more than previously) to indicate a ready method of adjustment. As before 

A, 


Ij, == 277 sq. in. 


^ 2(3i +9J +15 +i8-5) +19-5 5 

Q 


2 in. 


Add the additional strip E ; the values oi ^ = gh + {m — )a^ for the 

original strips A, B, C, and D will remain, and therefore the revised tabulation 
becomes 


strip 

1 k gh 

(m — j)a 2 
^ H 

H 

Q 

s 

QS 

A 

■ ) 


13 

663 

28*2 

1^,700 

B 

' ' * ^ As before 

1 76 

10 

760 

25*2 

19.150 

C 

1 

1 57 

8 

456 

23*2 

10,580 

D 

. . / 

59 

3 i 

207 

187 

2,870 

E 

12I in. ij in. 18 

nil 18 

0*75 

14 

15*95 

223 




20 == 2,100 20s — si.S 2 ^ 

50,000 X 14-5 X 35*2 ^ , 

^ "^23 ~ square inch. 

— I X 2,100 — 50,000 I = 10,000 lb. per square inch. 
15*2 X 2*77\i4*5 / 

The value of n corresponding to these stresses is 14*5 in., the value assumed. 
Therefore these second values of Ci and ti will be the stresses produced by the 
given moment and thrust. 

In Paragraph 8, Chapter VIII, some factors are given for the direct design 
of annular sections such as that just investigated. 


9 . — Any Section subject to Bending and Tension where e is iess than 0 * 5 /. 

If / is the distance between the centroids of the reinforcement on opposite 
faces of a given section, and if e is measured about an axis midway between 
the two centroids, then if e is less than 0-5/ the stresses are wholly tensile. The 
average stress in the reinforcement on the face nearer the, line of action of N 
is given by 

. iV(« + o-5/) 

‘ Aj. 

where total area of reinforcement on this face. 

The average stress in the reinforcement on the face remote from the line 
of action N is given by 

_ N{o^5f^e) 

Ac 

where A^ = total area of reinforcement on this face. 

The ma^pmum stress depends upon the distance of the farthest bars in 
any group from the centroid of that group. 
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These two expressions can be readily rearranged to give the area of reinforce- 
ment required in design problems. 


10.— Rectangular Section subject to Bending and Tension where e is 
greater than 0*5/ and less than l*5d. 

This is the general case, and the method of treatment is similar to that gi\'en 
in Paragraphs (4) and (5), modifications being introduced to allow for tlic 
difference between a direct thrust and a direct pull. 

In determining the stresses produced by given values of M and iV on a 
certain section, first assume a neutral axis factor (see Paragraph 13) and calculate 
the maximum stresses from 

_ iVL_ 
hdG + Kf, 

C{J + K) + 


c 


t = 


N 


A rp 


{la) 

{ 2 a) 


where the factors L, G, K, and J have the following signification : 

I- 0-5D 


L -- = 


G -- o- 5 «i 


— I 


(-’;■) 


K ^ HAa where II - 
j ^ o-^bdfii. 
t 


[m 


+/i H' 

ni 


I) 


The ratio of - as derived from (ra) and [2a) should be reasonably equal to 
c 

that corresponding to the trial value of n^, and in the event of appreciable dis- 
crepancy a second trial should be made and the factors G, H, and J recalculated. 
On Table No. 36 values of the variinis factors involved have been tabulated. 

When the section is reinforced in tension only {Afj o), the formuhe (la) 
and (2a) reduce to 

NL 
bdG 

A rp 


c ~ 


t 


When designing sections to take a moment and pull the procedure should 
be as follows : If the provision of compression steel is not anticipated, assume 
d (and D) and determine the minimum breadth from 

" “■ cdG 

where G is calculated (or read off Table No. 36) from the permissible stresses. 
If the value of h is unsatisfactory, d should be adjusted or compression steel 
added. The area of the tension steel required is given by 

A -^1+Ji 
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In the case of singly-reinforced slabs subject to a moment and direct pull 
(walls and bottoms of tanks and bunkers, etc.) a simple procedure is the following. 

Determine the eccentricity ^ ^ 2ind evaluate ~ ^ ~ 

, . Ne N 

Find Aj,^ = ~ and = -j. The total tensile reinforcement required 

= A + Aj.^. The value of d (and D) is that required to resist M acting 
alone, and the value of the lever arm, a, is approximately that corresponding to 
the maximum permissible stresses. 

In designing sections in which compressive reinforcement is required (or is 
usual) first assume or otherwise determine suitable values of h and d, and with 
these values and the allowable maximum stresses determine 



where Q - hdG. 

^ c 

The tensile reinforcement is found from 

_ c{J + HA,;) f N 

If it is necessary to reduce the amount of compression steel, this can usually 
be effected by reducing t and thus increasing w. Usually in problems of bending 
and direct pull the tension is the deciding factor, and a more economical section 
can be arrived at J)y decreasing the working stress on the concrete. 

11. — Rectangular Section subject to Bending and Tension where e is 

greater than l*5d. 

Stress determination for a given section falling within the limits of this 
case is similar to that given in Paragraph 6 , and the stresses arc computed as if 
the section were subjected to the moment acting alone. Evaluate 

_ N ___ 

^ + A(,[m — ij 

and deduct Cj from the maximum concrete stress, and add to the steel tension 
stress to find the actual maximum stresses in the concrete and steel. 

Design problems are best treated by an adaption of the approximate method 
for singly reinforced slabs outlined in Paragraph 10, in which the depth, breadth, 
and amount of compression steel (if any) are determined as if the moment were 
acting alone, and 

e^ = e o-sD d 

is evaluated a»d the area of tension steel required found from 



where a = lever arm of section designed for pure bending. 
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12.— Any Section subject to Bending and Tension where Compressive 
and Tensile stresses are simultaneously produced^ ' 

With modifications to allow for N being a pull inst^d of a thrust, the 
method given in Paragraph 8 can be applied to problems of stress determination 
on any given section that cannot be treated as rectangular. A trial position 
for the neutral axis is taken and the part of the section above the neutral axis 
is divided into a number of narrow horizontal strips. The value of A j, and p 
and the summations HQ and HQS are determined and substitution made in the 
modified formulae 


‘ “ EQS 



If the value of n corresponding to the stresses and is approximately 
equal to that assumed, these stresses are approximately the maxipium stresses 
produced by the applied moment and pull. If the discrepancy between the 
calculated and trial values of n is serious, a second trial value of n must be selected 
and the summations revised by taking in a greater or less number of strips to 
accord with the revised n. 

13. — Position of Neutral Axis. 

The accuracy of the results of certain of the methods advocated in the 
foregoing paragraphs and the labour entailed in arriving at these results depend 
upon the accuracy with which the position of the neutral axis is selected. From 
a preliminary consideration of the section and forces acting thereon it is possible 
to assume a value for n very close to that corresponding to the calculated stresses. 
The maximum stresses for which the section has been ostensibly designed may 
indicate a reasonable value of n for the first trial, or consideration can be given 
to the stress ratio for pure bending as determined by the percentage of tension 
steel. The value of n selected should differ from the pure bending value thus : 

Bending and compression : the selected value of n should be greater 
than the pure bending value, and will increase with decrease in 

the value of — . 

Bending arid tension : the selected value of n should be less than the 
pure bending value, and will decrease with increase in the value 


If there is such a discrepancy between the assjimed value of n (= and 
that corresponding to the calculated stresses {= that it is necessary to select 
another value (= intermediate between the and the following con- 
siderations should be borne in mind : 

Bending and compression : the value of should be nearer than 
it is to n^. 

Bending and tension : the value of n, should be nearer, than it is 
to 
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If the v^ues of and n, do not differ by more than lo per cent, it is unneces- 
sary to recalculate the stresses vdth a second trial value of n, since more direct 
adjustments can be made. If is within 5 per cent, of n, the calculated stresses 
are well within 5 per cent, of the actual stresses, and if is between 5 per cent, 
and 20 per cent, of «, the actual concrete stress c can be safely approximated 
thus ; * 


= o.5..(i + 5 ) 


where Ci is the calculated concrete stress. 

The stress in the steel is affected to a less degree by small variations in the 
value of n. 

By way of illustration, applying this adjustment to the example worked in 
Paragraph 8, we get 

= 13 in. ; w, = 15-2 in. (= 117% of n^) ; 

= 569 lb. per square inch 


/. c = 0*5 X 569 


(■**)- 


528 lb. per square inch compared 


with 495 lb. per square inch by the more involved calculation. 

Applying this method of adjustment to example (c) given on the page facing 
7 'able No. 36, we get 

= 0*55 X 16-5 = 9*1 in. ; == 0*49 X 16-5 = 8*i in. 

(■= 89% of «,) 

Cl — 412 lb. per square inch. 


.•. c = 0-5 X 412 


(■*E) 


= 436 lb. per square inch compared with 


426 lb. per square inch by the second trial position calculation. 



CHAPTER XV 


SPECIFICATIONS, QUANTITIES, AND COST ESTIMATING 

1. — Associated Materials. 

It was stated in the opening Chapter tliat it was necessary for the concrete 
engineer to be conversant witli the properties of building materials other than 
those in which he specialises, and it is here emphasised that where it is expedient 
to incorporate such other materials in tlie production of an econorp^al structure 
the engineer should be in a position to sj)ecify tlie quality of material he requires. 
'J'he leading features of some of the more common structural materials are given 
in tlie succeeding paragraphs, while the essential properties of cement, stone, 
sand, and steel have been discussed in some detail in Chapters IX and X. 

'I'here arc many special proprietary materials in use in up-to-date building 
I)racticc, and particulars of various floor coverings, roofing materials, partitions, 
walling, ceiling materials, and glazing are best obtained from the literature pro- 
vided the manufacturers. 


2. — Timber : Shuttering, Joinery, and Piles. 

Timber enters into concrete construction mainly in the form of temporary 
shuttering for moulding the concrete to the required shape, but it also has to 
be considered in excavation work, temporary shoring, and in the forms of joinery, 
piles, and fenders. All timber should be of the best quality obtainable of the 
particular kind required, and should be sound and straight grown, free from sap, 
shakes, loose knots, wormholes, or other defects. Seasoning of wood is of great 
importance, whether for use in permanent or temporary work, and all timber 
should be kept in air six weeks before being made ur* ; oak should have been 
felled for twelve months before use. Pitch-pine should weigh not less than 45 lb. 
per cubic foot when dry. 

Shuttering is generally exposed to the weather for some length of time, 
especially when repeatedly used for exterioi walls or for slabs, but this exposure 
combined with contact with wet concrete should not produce warping if the 
material is properly seasoned. The scantlings of the various boards, props, 
cleats, etc., that are assembled to form a unit of any part of a cast-in-situ or 
pre-cast structure should be sufficiently generous to provide a safe and rigid 
construction that will not deform wlien filled with wet concrete. All timber in 
contact with concrete should be specified as wrought on two edges and one face, 
the material being assembled with the unwrought face outwards. The thickness 
of boarding for beam and column sides, walls, and slabs should be not less than 
in., but for walls, if there is much repetition, the extra cost of providing J-in. 
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wrought tongued and grooved boarding is sometimes justified by the production 
of a face free from defects due to badly aligned boards. 

Wall panel forms and column boxes should be constructed to allow the 
concrete to be placed in lifts not exceeding 3 ft. to 4 ft., depending on the thick- 
ness of the work. Column boxes are usually built the full height of the column 
on three sides and so arranged that the fourth side can be built up in 3-ft. incre- 
ments as concreting proceeds. The outride surfaces of the forms for columns 
and walls should be constantly subjected to sharp hammer taps during the placing 
of the concrete, especially if the depth being concreted exceeds 3 ft. 

The bottom boards of beams are usually given a slight camber to counteract 
the slight deflection due to the weight of the wet concrete ; one inch per 20 ft. 
of span is ample for this camber. 

The various parts of the timber falsework should be so assembled as to 
allow striking to proceed in the recognised manner. For floors, the beam sides 
should be strip])ed first, followed by the slab soffit boards, and last b}^ tlie beam- 
bottom board^ and props. Particular core should be taken to ensure that the 
young concrete is not jarred in any way during the process of striking the shutter- 
ing ; aids to tliis end include coating tlie inside ot the lorins with mould oil and 
leaving all nails " jn'cmd '' of the wood to assist in easy withdrawal. A ])roper 
interval should be allowed to elapse betwTon pouring tlie concrete for ajiy par- 
ticular member and striking the shuttering for tliat member. The usual specified 
times when using normal-hardening cements arc as follows. 


Beam sides ....... 3 days 

,, bottoms ....... 3 weeks 

,, prop^ ....... 4 weeks 

Slab bottom boards . . . . . .2 weeks 

,, props ........ 3 weeks 

Column sides ....... 2 days 

Pile sides ........ 2 days 


Piles should not be moved off their bottom boards for 14 days. Props under 
.suspended bunker bottoms should not be removed before three weeks after the 
pouring of the walls and beams from which the bottoms hang. These times 
should be considered as normal periods, but reductions are possible wath dis- 
cretion if precautions are taken to ensure proper curing. If cold weather has 
been experienced during the curing period the stated times .should be increased. 
If rapid-hardening cement has been employed the periods can be reduced to a 
third or a quarter of those stated, with a minimum of 24 hours. 

Having regard to the permanence of concrete, the use of timber for joinery 
work incorporated in the structure should be governed by the best practice in 
that trade. Generally Baltic redwood is a satisfactory medium-priced material 
for doors, partitions, etc., of non- residential buildings and for structures where 
decorative woodwork is not required. Wancy edges should be prohibited, and 
all joints and ends should be treated with two coats of red lead and boiled oil. 
Wrought work .should be knotted and primed, nails well punched in, nail holes 
topped with the best oil putty, and the work thoroughly rubbed down, and 
given three coats of paint. 

The most suitable timbers for fenders and rubbing-pieces on wharf walls and 

M 



i64 reinforced CONCRETE DESIGNERS’ HANDBOOK 

jetties arc greenheart, Oregon pine, or elm.’ Such members are attached to the 
concrete framework by wrought-iron straps and mild-steel bolts, with a piece 
of hardwood packing between the concrete and the softer timber. Longitudinal 
rubbing pieces are usually attached to the vertical fender piles by oak trenails, 
and all exposed corners should be rounded off. 

Timber piles for wharf and jetty construction and for foundation work have 
certain advantages over reinforced concrete piles, but when they arc in such 
positions that they are alternately wet and dry, as in structures in tidal water, 
these advantages arc often offset by the rapid and serious deterioration tiiat 
takes j)lace. In the first instance timber piles of moderate lengths arc cheaper 
than reinforced concrete ])iles, and, even for long piles, short lengths can be 
readily spliced together with a minimum of delay. The delay that occurs while 
reinforced concrete piles are maturing is also avoided, although with rapid- 
hardening cements and with a well-planned construction programme this cause 
of delay is almost eliminated in modern practice. Although more resilient when 
subjected to blows from vessels, a timber pile wears away more rapidly due to 
abrasion by shingle, and the action of worms and rot render the life of timber 
short and uncertain. On the other hand a blow from a vessel may cause unde- 
tec'ted cracks in a reinforced concrete pile and thus allow sea water to reach the 
reinforcement and cause corrosion. 

Just as creosoting assists in retarding deterioration of timber, so the appli- 
cation of a coating of 4 ar is sometimes added to concrete piles with the object 
of preservation. Timber piles must be bound at the head with an iron ring and, 
unless driven through soft mud only, the lower end should be pointed and shod, 
'rhe timber dollies for fitting into pile helmets are usually of elm and should be 
so placed that the blows are received along the grain. • 

3. — Brickwork and Masonry. 

Brickwork may be incorporated in a reinforced concrete structure either 
for load-carrying purposes or to act merely as a facing or filling material. The 
nature of the facing and the importance of the ultimate appearance of the struc- 
ture will determine the excellence or otherwise of the materials and workman- 
shi}) of brickwork filling for wall panels in a concrete framework ; but when the 
brickwork is carrying loads, providing supports for floor slabs, beams, or stairs, 
it is essential that certain standards should be maintained. These standards, 
the purposes of wfiich arc fairly obvious, include the stipulation that the bricks 
should be ol the best quality of the type specified, new, of good shape, and uni- 
formly hard. I hey should be free from stones and flaws and should be well 
burnt, d'he texture should be such that the bricks do not absorb more than 
10 per cent, of their weight of moisture when saturated, and immediately before 
laying they should be well soaked in water. It is essential that they should be 
set in Portland cement mortar ; the joints should be I in. thick and be either 
“ struck,” or, for external work, ” raked and pointed.” Old pnglish or Flemish 
bonds are the most suitable, and the face of walls and piers should be plumb. 
The tyj)e of brick used depends upon its purpose. For sustaining high pressures 
blue bricks arc the best, but for ordinary wall work good quality London stocks 
arc satisfactory unless special facing work is required. 
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Natural stone used for constructing supports for reinforced concrete struc- 
tures should be fine grained, hard, sound, free from excessive discoloration marks, 
rust veins, and from heads and shakes and other imperfections. Stones cut from 
the lower beds of quarries are superior. Successive courses of stones in the work 
should be well bedded and laid on their natural bed. Exterior work should be 
neatly pointed, and one-sixth of the area should be composed of “ headers " that 
penetrate three feet or right through the wall or pier being constructed. For 
purely facing work it is sufficient if the minimum thickness is 5 in. with one-third 
of the area 9 in. thick with sufficient tics into the body of the concrete backing. 

4. — Iron, Steel, and other Metals. 

Apart from its use as reinforcement mild steel may be used in conjunction 
with concrete in composite structures. If in the form of joists, stanchions, plate 
or lattice girders, the quality of the material should be in accordance with the 
British Standard Specification for mild steel for girder bridges. The sections 
should be well and cleanly rolled and .straight, and be free from .scales, blisters, 
laminations, cracked edges, and defects of any sort. The edges of plates of girder 
flanges should be planed, and the ends of sections should be cut .square and neatly 
dressed. All rivet holes .should be drilled, although if the piece is less than J in. 
thick punching and reamering is sometimes permitted. The B.S.S. provides for 
rivets to be made from A " steel, and tension tests .should show an ultimate 
strength of 25 to 30 tons per square inch and should show a tough and silky 
fracture. The rivets should be capable of having the head flattened out to 2| 
diameters when hoi , and .should be able to be bent double when cold without 
fracture. It is iisifal to specify structural steelwork to be painted one coat 
before erection, one coat before leaving the works, and two or three coats 
erection. 

A use for cast steel in reinforced concrete work is found in its employment 
for hinges in arch bridges and for pile helmets. Tlie castings .should be 
thoroughly annealed, and in order to prove freedom from cracks they should 
be hung in chains and hammered. Cast steel for any permanent work sliould 
generally be in accordance with the B.S.S. for this material, the tensile strength 
of which should be 26 tons per square inch with elongation not le.ss than 20 per 
cent. A cold bend tc.st .should be made on a i-in. diameter piece 9 in. long 
which should be bent through 120 deg. to a radius of 2 1 in. witliout signs of 
fracture. 

Wrought iron should be well rolled, tough, fibrous, and uniform in char- 
acter. Ihe use of this material in concrete work is limited to its employment 
for the straps of pile shoes, for the straps connecting timber fenders, etc., to 
concrete wharves and similar purpo.ses. The B.S.S. stipulates a minimum ten- 
sile strength of 21 tons per square inch for Grade C material with an elongation 
of 15 per cent, ihe fracture should be fibrou.s, and the cold bend test provides 
for the bar to be l*ent through 90 deg. to a radius equal to one to one and a half 
diameters. 

The quality of cast iron for pipes, pile shoes, pile forks, etc., .should be in 
accordance with the appropriate B.S.S. Failure to comply with the specified 
tests condemns all castings made from the pouring represented by the test piece, 
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The material should be tough grey metal cast from approved pig iron or from 
a mixture of pig and scrap. Castings should be clean and sound, free from air 
and sand holes and from lumps and flaws. Cast-iron pipes should be specified 
to be cast vertically with the socket downwards, and the allowable variation of 
thickness should be stated. Pipes should be coated with Dr. Angus SmitlCs 
solution, and if required for pressure work should be subjected to an hydraulic 
test of 200-ft. liead of water for gas pipes and 400-ft. to 800-ft. head for water 
and sewage pipes. 

Usually pipes that have to be built into reinforced concrete tanks are made 
of l^rass, j)hos}flior bronze, or other copper alloy, since deterioration due to corro- 
sion is miK'h less than for ferrous metals and rc])laccments that may affect the 
watertightness of the structure arc thus obviatecl. Pieces that have to be built 
into tank walls should have an additional intermediate flange cast in such a 
position that it will be buried in the thickness of tlie wall and thus form a type 
of waterbar. 


5. Specifications. 

The j)rincipal clauses in a spirification for a reinforced concrete structure 
would cover (he quality ot the sand, stone, cement, steel, and any other material 
involved, the j)roportions of the ccmcretc and the strength required, and the 
standard of workmanship as affecting the steel bending and placing, mixing and 
placing of concrete, erecting and striking of shuttering, and such special labours 
as surfacing, finishing, watcMprooling, (*tc. The storage of materials, the curing 
of concrete, tlie testing of the structure upon completion, the method of measur- 
ing-u]’>, assessing cost of (‘xtra work, allowing for inspection'facilities, and other 
relewant matters would also be covered. 

A clause concerning maintenance should also be included, and this should 
pro\ade that the contractor at his own cost shall uphold and maintain in good 
and perfect order, repair, and condition the whole of the works executed under 
the contract during the whole period up to the date of the granting of the com- 
pletion certificate and for a further period of, say, six months during which 
period lh(‘ contractor shall at his own cost restore and make good or renew such 
j)orti()ns ol the work as the engineer may consider to be unsound or defective. 

A general clause should be included to the effect that all materials used in 
the particular structure should be of British production (if necessary or con- 
venient). They should be new and of the best quality and description of their 
several kinds, and in every respect subject to the engineer’s approval. They 
should be subjected to such tests as specified and to such other tests as the engi- 
neer may deem advisable. Any materials rejected shall be replaced by the 
contractor free of charge and shall be immediately removed from the site of the 
works. 

A similar general clause should be inserted do cover workmanship. The 
contractor’s cm])loyecs should be all skilled men in their respective positions, 
and the engineer should reserve the right to demand the dismissal from the work 
of any employee w'ho appears to be incompetent or negligent. The contractor 
should be called upon to pay the standard rate of wages in force in the district 
in which the works or manufacture of parts are carried out. 
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The provision of an office for the clerk of works, and details of arrangements 
regarding the method of payment and with reference to retention moneys and 
to detail drawings, should also be specified in terms suitable to the work under 
consideration. 


6. — Quantities. 

The methods of taking-off quantities and setting up a schedule of quan- 
tities vary considerably, although certain standard methods are in vogue. Con- 
crete is usually measured in cubic feet or cubic yards, and the items should be 
divided up according to the mix and further subdivided into beams, slabs, columns, 
walls, and special work. Pre-cast work should be kept separate and specified 
as such. It is important to give the sizes of the various members, especially 
the thicknesses of walls and slabs, and often these items are given in superficial 
measurement of specified thickness. The level of the work to which any item 
applies .shoukl be indicated. 

Shuttering is taken off in superficial measurement, and for general building 
work it is usually sufficient* to lump all beams and slabs and other horizontal 
work into one item and all walls and columns and other vertical work in another 
item. Otherwise all beams, slabs, walls and columns are kept separate and a 
separate item given for each size of member. In wall work it should be definitely 
stated whether measurement is made of both faces or only one face. Plane work 
should be kept separate from curved work, and spherical work should also be 
separately billed. All special and pre-cast work should be given separate items. 
Sometimes shuttering items are omitted from the .schedule altogether and a stipu- 
lation made that the concrete prices should allow for all nece.ssary shuttering. 
This saves labour in preparing the quantities and in measuring up the com- 
pleted work, but may lead to trouble over unit prices if any variations arc made 
from the drawings from which the contractor prepares his tender. 

It is usually .sufficient if reinforcement is scheduled to allow for the supply 
of the material, handling, bending, placing, and provision of tying wire, separate 
items being given for bars f in. diameter and over and for each diameter below 
H in. It a.ssists the contractor in preparing his price if typical details of the 
reinforcement in various parts of the structure are provided in addition to general 
drawings, but if such details are provided care must be taken in the subsequent 
detailing to en.sure that deviations from the typical arrangement are not exten- 
sive ; otherwise the contractor has msually an indisputable claim for an extra. 
It is sometimes sufficient to specify the maximum, minimum, and average length 
of the bars of each diameter, or alternatively to state that the bars would be 
in commercial lengths. 

Separate items should be given for making complete and curing, for handling 
and driving to a specified depth, and for stripping the heads of pre-cast rein- 
forced concrete piles of a specified section and length. A price per foot should 
be given for cutting off surplus lengths, and prices per foot for variations in 
driven length. The cost of making the piles should include the provision of 
concrete, reinforcement, moulds, shoes, forks, etc., and the probable number of 
piles required should be specified. If any variation in number is anticipated 
alternative items should be allowed. 
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Excavation should be measured net in the solid and the quantities should 
be stated as such ; this allows the contractor to make his own allowances for 
extra to be taken out, bulking, etc. It is usual to specify that the price for exca- 
vation should include for any necessary timbering, pumping, removal of surplus 
spoil, and ])art return fill and ram. In fairne.ss to the tenderer the engineer should 
give some indication of the probable extent of these factors if possible. Separate 
items should be given (or soils of markedly different qualities, and sometimes 
the amount of excavation between certain levels is scheduled. This is prefer- 
able if the extent ol the excavation is uncertain ; otherwise it is sufficient to 
state the total depth of the excavation. 

Special labours and materials such as surfacings, fittings, etc., should be 
scheduled separately, and the aim should be to make the bill of quantities as 
comprehensive as possible in order that the liability of over^'liarging for extras 
or omitted items should be eliminated. It should be borne in mind that few 
structure's are erected exactly as originally jilanned, and much economy can be 
effected if ])ossible avenues ot variations are anticipated and care ttV:cn that any 
variations in these directions are covered by the wording not only ot the speci- 
fication but also by that of the bill of quantities. - 

Accuracy and speed in taking off quantities are only attained if a method 
of taking off is decided upon and adhered to strictl}^ The usual method is to 
write down in the second of three columns the length, breadth, and height (in 
this order) of a part of the work, these particulars being placed one under the 
other. The number of identical parts is written in the first column and the 
product of this number and the three items in the second column, that is, the 
total volume, is entered in the third column. If area (as for shuttering) is being 
measured, only two items for each product would nppear in the second column. 
1'hus, if three rectangular blocks of concrete each measuring 4 ft. long by 2 ft. 

6 in. broad by 5 ft. deep are being taken off, the entry would appear as shown 
ill the left-hand columns, and the shuttering h)r the four vertical faces would 
appear as shown in the right-hand columns : 


Concrete. 



Shuttering 




1 

cu ft 



ft sup. 

Blocks . . 

3/ , 

4 ft 0 in. 


3/V 

4 ft 0 in 




2 . ft r> in 



5 ft 0 in. 

120 



5 It. 0 in. 


3/2/ 

2 It 6 in. 







5 ft. 0 in. 

75 


The method of taking off the quantities for a floor panel is given in detail 
in the pages following Table No. 40. 


7. — Cost Estimating. 

A reinforced concrete engineer has often to provide an estimate of the cost 
of any particular structure he has designed. If he has connections with a con- 
tracting organisation the necessary data and methods for making up the estimate 
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would be available, but if he is not in the position to be able to call upon such 
expert estimating services he can adopt one of two courses. The first is to send 
his bill of quantities and drawings to one or more contractors asking for a com- 
petitive tender. Unless there is a reasonable chance of one of these tenders being 
accepted this is not a commendable procedure, and, further, sucli a procedure 
usually takes up more time than can be spared in the preliminary stages of a 
job. 

His second course is to make up an estimate himself, and it is generally 
sufTicicnt for him to price out each item in his bill of quantities at the average 
prevailing rates for similar construction. Unless local rates arc known, how- 
ever, this may lead to misleading results. If a priced bill of (quantities for ))rc- 
vious work in the locality is not at hand, the rates given in technical periodicals 
can be adopted for the purpose of arriving at an approximate cost. 

The preferable method to adopt is to calculate the probable rates, basing 
the computation on current wages and material costs. There are three factors 
to consider^ (i) Labour charges, (ii) Material costs, and (iii) General costs. 

Lab(3ur charges include all wages paid to workmen (exclusive of staff) on 
the site. The rate of wage payable to different classes of workers is given in 
most technical periodicals, and the man-hours required to perform any given 
piece of work are given in the many text-books on this subject. Present-day 
net labour costs vary between the following limits : 

Concrete — including unloading, storing, 
and handling materials, mixing, 
transporting, placing, ramming, 

screeding, etc. .... 4s. to 12s. 6r/. per cubic yard 

Reinforcement— including unloading, 
stacking, sorting, bending, placing, 
etc, ...... 2 s. to 7.9. per cwt. 

including making, creeling, 
striking, or including cleaning, 
withdrawing nails, repairing, re- 

erecting, striking, etc. . . . 2s. to 5s. per .square yard 

Excavating— iox each time the material 
is handled (but excluding cost of 
transport of surplus, timbering, 
qninqnng or ramming) measured • 

ill solid (does not allow for rock 

excavation) . . . , is. to 2 S. per cubic yard 

The factors that cause the labour costs to tend towards the higher limits 
are 

Small quantity of concrete in job. 

Necessity of washing materials on the site. 

Long distance from point of unloading to position in work, whether 
horizontally or vertically. 

Exceptionally dry mix of concrete. 

Conorete placed in small quantities, in narrow widths, or under 
water. 
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Slab work where large amount of scrceding per cubic yard of concrete 
required. 

Small or sliort bars. 

Lack of repetition of bar bending or of shuttering. 

Curved work for shuttering. 

Hard ground to be excavated. 

Excavation within confined spaces. 

Deep excavation. 

Waterlogged ground. 

Tidal work, etc. 

Similarly the absence or the opposite of the foregoing factors will tend to 
bring tlic net labour costs towards the lower limit. 

The matei ial costs can be obtained from current quotations, and the amount 
of each kind of material re(]uired can be determined from the schedule ()f quan- 
tities. On Table No. 30 are given the quantities of stone, sand,, and cement 
required for a cubic yard of concrete of any mix. To these net quantities must 
be added an allowance for waste ; an increase of 10. per cent, on the net quan- 
tities of sand and stone is sufficient for measurement tolerances and waste, and 
5 per cent, added to the net quantities of cement will usually allow for waste 
and for material used in making cement grout, etc. If applicable the cost of 
cleaning and returning cement bags should be allowed. If material is not quoted 
“ delivered on site," the transport costs from the point of supply to the site 
must be included. 

An exact estimation of the general costs involved in any contract depends 
princii)ally upon the contract time, the plant it is proposed to employ, and the 
general planning of the work. These general costs include overhead charges, 
head-oflice costs, drawings, site staff (foreman, engineers, surveyors, clerks, 
watchmen, etc.), lighting and hoardings, insurance, licences, legal charges, loss 
of interest on retention money, contingencies, profits, and plant charges. The 
plant charges include the first cost (or depreciation) of all mixers, cranes, hoists, 
chutes, bending machines, circular saws, lorries or wagons and tracks, etc., that 
may be brought on to the site, in addition to the costs of carriage, erection, dis- 
mantling, removing, spares, etc., that may be applicable to these pieces of plants. 
Such items as .small tools, consumable .stores, fuels, oils, timber, .scaffolding, 
barrows, ropes, bolts, offices, stores, etc., arc also included in this item. In 
detailed estimating it is usual to allocate the charges of each particular piece of 
plant to those items in the .schedule to which it applies, but for an approximate 
estimate of a normal type of reinforced concicte structure in which profits do 
not exceed 10 per cent, a most convenient and fairl;^ accurate method of allow- 
ing for all the charges under the heading of general costs is to increase the net 
material costs by 15 per cent, and the net labour cost by 40 per cent. For jobs 
under, say, £1,000 or for very large jobs this method is not dependable, and such 
work should be e.stimated on a more precise basis. 

The following example will illustrate an application of the method advo- 
cated : 

To find the cost per cubic yard of concrete Mix €(1:2:4) plgtced in beams 
and slabs on the upper floor of a building in London — 



SPECIFICATIONS, QUANTITIES, AND COST ESTIMATING 171 


Materials (quantities from Table No. 39) ; 

510 lb. cement at 475. per ton delivered . . . . . . 10 8 

III cb. ft. sand at 115. 6 d. per cubic yard delivered . . . . 4 10 

22I cb. ft. Thames ballast at los. per cubic yard delivered .85 

Add 5 per cent, to cement cost . . . . . .00 

Add io percent, to sand and stone. . . . i 

Cleaning and return cement sacks . . . . . i o 

Total materials cost . . . . . . . . 26 <> 


Labour, including handling materials, mixing, hoisting, and placing, say 
General costs : 15 per cent, on materials ..... 

40 per cent, on labour ...... 


Estimated total cost per cb. yd. . . . . . . . . . ^ 6 


The method of making up comparative cost estimates from publislicd unit 
rates is given in tlie pages following Table No. 40. 


8.— Miscellaneous Data. 

• 

On Tables Nos. 37, 38, and 39 are given data of a miscellaneous kind. The 
former Tables give fraction.*^ of an inch expressed in decimals of a foot and metric 
equivalents re.spectivcly, wliile on Table No. 39 the quantities of materials required 
in one cubic yard of concrete are given. This Table also gives the standard 
loading gauge for British railways, and the list of areas, section moduli, and 
moments of inertia of certain regular sections as mentioned in Chapter V. 

Table No. 40 gives the trigonometrical functions of angles to a degree of 
accuracy sufficient for design purposes, and in conjunction with this Table essential 
trigonometrical fornuihe are given. 




PART II 


TABLES AND EXAMPLES 
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J‘:XAMPLES OF USIC OF TABLE No. i. 

(a) To fiiul the intensity of total load on a 4j-in. flat roof slab, with an avera^^c 
of il'iii. .scroeding and -J-in. asphalt: 

Snperload 

^-in Asphalt 0-3 x 12 
Sc reeding -- 1- 5 v 10 
Slab 4J X 12 


105 lb. per sq. ft. 

{h) 'Po find the live and dead load ]K'r ft. run of secondary beam in oflice llooi 
construction ; ( oncrete slab 5 in. thick surfacc<l with J-in. granolithic and plasterer 
I in. thick on imdersido. Beams to in. deep by 6 in.* wide, at 10-ft. centres. 

Live load from ro-ft width of slab (assuming entrance floor at 80 lb 
and 20 lb for partitions) -- to ft. x 100 lb. 1,000 lb per ft. run of beam, 
Dead load per sq. It, of slab: 

Granolithic } X 12 - 9 lb. 

Slab -- 12 X 5 - 60 ,, 

Blaster J- X 0 5 ,, 

74 

Dead load on beam from slab jo r. 74 740 lb. iTor It. 

Weight of rib to in. by 6 in. Oo ,, ,, 

Idastor on sides of ribs - 2 x 0-83 x J x 9 - 8 ,, ,, 

dotal dead load — 808 ,, ,, 

(e) To find the total load on a 9-in. by 9-in. lintel spanning a clear opening oi 
7 ft. aiul supporting a 9-iu. brick wall (built in cement) ; height of wall exceeds 5 ft. 

y 

Height of 60 deg. triangle on 7 ft. base 3 — 4 04 ft. 

Weight of wall at to lb. per inch thickness — 90 lb. per sq. ft. 

, 4*04 ^ 7 

Do. carrietl on lintel = X 90 = 1,270 lb. 

Weight of lintel -9x9x7 = 567 ,, 


30 lb. per s(i. ft. 
b ,, ,, ,, 

T 5 M M 

54 »» »» 


Total .jad — 1,837 »• 




DPY E^QTK FILLINQ 

„TLflBeS 

GRA NITE, LtM ESTQN E 

^ANDSTQjlg 

_ Balla s ting 

Hollow Clay tiles 


IN P C. WT 
BRICKWORK IN LIME Mi 


Loadings 


Dead loads 


Description 


-JaRAtlQyXHiC-Emi 5 H. Q th ick 
—MQRTAR .SCgSEDlHGLL- r_-_ 

._LiME_.PLAaTe_B L—\ 

ROAD metall ing 

_jG&AHiTg_SgrP 

WOOD Block pa ving 

_&.l SHeeiLNfi Ji^LIG^jaeyn 

Asphalt ( TthickV 


■ 1^ \ I 


table ns I 


description 


-Windows, 

roofing $lat5.s 

. PoonNCi- Tiles 

-.^ardinq (4* w t") 

-I? AIL_TR AC.KS _C^pMPLC;TC! 
HARD Core (1* tnick ^ 

lath and_pl aster 

asbestos Sheeting 

doors f completes 


IN P C. WT « I'ZO LBS PER CU FT - 10 LBS PER St^ FT PER I THICK. 

IN LIME Mortar- ho =9 

Loads on lintels supporting Brick walls: 

Extent of wall carried shown by shading ^ 


Roof 

Coverings 


Steel roof 

TRUSSES 


Gi sheeting 
grazing 

Slates on boardings 


Span of Truss in Feet 


WTS INCLUDE 

I as/ FT Sloping Surface for all bolts. 

CONNECTIONS 

“ ASTRAGALS 

aOAROING PELT 
PURLINS, ETC 



Description 


domestic Buildings 

Hotels and Hospitals:— 
BEDROOMS AND WARDS 
PUBLIC SPACES 
OFFICES •“ 

floors ABOVE ENTRANCE FLOOR 
Entrance floor aho floor 

BELOW 

Retail shops 
Churches, ^mools. reading 
Rooms and art galleries 

GARAGES 

Cars not more than Ztons 
DEAD WEIGHT 

CARS EXCEEDING 'iTONSOW 

Assembly halls drill hall* 
OAHCC HALL3. GYMNASIA. 

Light workshops, theatres 
CINEMAS, Restaurants ahd 


[nif il a a 1 ^ 


Warehouses. Book- Stores. 
AND Stationery stores. 

Less than ZO**tohoritontai, 
more than ^oT to horizontal 


STEPS AHD landings 


LBS 
PER 
SR FT 

Altcrn''-® 

CONC® LO 

40 

2 TON 

40 

1 

100 

50 

SO 

k ^ 

1 •• 

1 • 

S " 

so 

^ - 

10 

1 " 


li times 

so 

MAX WHCCt 
LOAD BUT 

^00 

^ ITON 

100 

ITON 


PEMARKS 


ALTERNATIVE CONCENTRATED LOAD TO BE 
CONSIDERED IN DESIGN OF BEAMS ONLY, 

This load can esc placed anywhere on floor 

AND IS ASSUMED TO OCCUPY A SPACE 1 6" SR. 


For office floors allow a minimum additional 

LOAD OF zo LBS. PER Sq. FT FOR INTERNAL 
PARTITIONS 


LOAD reduction for DESIGN OF COLUMNS, WALL? 
AND Foundations;- 



Roof and Top Floor - Full live Load 
Floor from Top - Live load Red” 

> ZQ% 

- 30% - 

5 TH , . . « , 

- I 50J6 

AND LOWER FLOORS J 
THIS reduction only applies to BUICOINGS 

MORE THAN TWO STOREYS HIGH FOR WHICH 
THE APPROPRIATE LIVE LOAD IS LESS THAN 
100 LBS PER SO FT - 


Actual weight of stored materials should be taken but hot 

LESS THAN ZOOLBS/FT'^ € £ FO R PRINTIN G WORKS OR PAPER STDBE ■ 

3 0 lbb/ f t^ of hor i zontal projection, 

!5 •• NORMAL ACTING INWARDS ON WINDWARD SIDE 

10 « m n OUTWARDS ON LCCWARD SIDE 

GENERALLY - ZA TO I'lO LBS PER Ft'^ ALTERNATIVE Tw LBS POINT LOAO 

LOMD Building Act - 100 - 

generally;- 200 TO 300 lbs per pir'i 

min. of transport;- see table N®'! and CHApT n 


lUJUtyUUklQIlB] 


OR 3 TO 5 TOM POINT LOAD. 
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NOTES. 



LOADINGS. 


TABLE NS 2. 


TRACTOR 

(20 tons) 


( 15 tons) 


( 15 Tons) 


C 15 toms) 


• THE SBIOGE SHALL &E ASSUMCO TO 6£ LOADED iM SUCH A WAV AS WILL PQOOUCE THE MAXIMUM 
OTaE&B.TMEQE SHALL NOT EE MOQE THAN ONE ENSiNE PER OP THE SPAN OP THE DRlOftE, AND 

EAEH STANDARD TQAIN SMALL OCCUPV A WIDTH DP lO'-o". WhcQC THE WIDTH OP THE CASaiASCWAY 
EXCEEDS A multiple OF lO'-o" SUCH EXCESS SHALL S6 ASSUMED TO BE LOADED WITH A FRACTION 
OF THE AXLE LOADS E<4 uAL TO THE EXCESS WIDTH iN FEET OiViOEO BY TEN. {Ap«iu 'a?/). 

THE application OF THE ABOVE LOAOiNC l5 SIMPLIFIED BV ASSUMiNO A UNlFOtZMLV 
QlSTRieu'^O LOAD thk MAGNITUDE OF WHICH OEPCHOS ON THE"lOAOEO LENCTh'oF THE MEMBER (sEE 
Fic» I. CHAP?.XIn addition to THE OiSTQlBUTEO LOAD A VniFE BOOE"lOAO OF ZTOO LBS PER FT IN ANY POSITi 
ON tme Structure must be allowed for 

MINi5T^^V OP TI?AN5POJ?T 

standard loading for road bridges . 


ENGINE 
(20 '4 TOtss) 


TRAILER 

Os'll tons) 


trailer 
(15*4 tons) 


TRAILER 
03'<z tons ) 


Notes:- wheel loads oo not include for impact, Csee.ta&lE NS -A}. 

BRITISH STANDARD LOADING POR ROAD BRIDGES. 

fwiTM Axle load multifile of iS units.— B. E.S.A, 153. APR. N? I 0^25)1 


IVEI6MTS OP ROAD VEHICLES. ' 

Approx, maximum axle loads in tons (without impact). 


description . 



axle loads. 


dimensions . 


wheel 

front, REAR, GAUGE. WIDTH. 


4 8 IS'-S" 

5 1 1 lo'-of 

8 12 lo'-o" 

3*4^ 4% JO'- o" 

2 4 is'-ol* 


5'/2 

8 MAXIMUM permissible LOADS. 

(M.OFT.) 
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JCXAMJ’LliS OF USE OF TABEES Nos. 3 and 4. 

(a) 'I f) I'liul tlio forces jictinj:; on a crane beam carrying a lo-ton overhead trav**l- 
ling crane ; span of crane 40 ft. : 

'I'otal lo.ad on pair of wheels if)2 tons y 125 per cent. -- 46,800 lb. 

Hence beam is subjc'cted to inomenls and shears produced by two moving point 
loads of 23,400 lb. each (allowing for im])act and vibration) at lo ft. centre to centre. 
For refinement of shear calculation, each wheel load can be considered as distributed 
over a length ot say 2 It (h times flejilh of rail) pins twice the eliective depth of beam. 
Dead weight of beam, crane rail, etc , to be allowed for in moment and sliear cal- 
culation. 

Longit lulin.d thrust on beam due to braking — o-2 x iGj X 2,240 = 7,500 
lb 

Side thrust on beam due to traversing o-i X 25 X 2, 2.^0 — 5,600 lb. 
wliK h can act anywheie on the beam as two horizontal thrusts at lo-ft. 
centres. 

(/>) 'I'o find llu» maximum total loa<l on a 12-in concreti* slab supporting a single 
line of standard railway over which can pass at slow sjieeds any size of locomotive : 

Txiad from ballast (t 2 in. thick), sleepers, chairs, rails, 

etc. (Table No. i) 100 I 175 ^ 275 lb. per sfi ft. 

Concrete slab = 12x12 =144,,,,,, 

Total dead load — 410 ,, ,, ,, 

l’)i.spersion of wheel loads (Table No. 4) : 

]) say, 12-in. ballast + loj-in. ettective depth of slab — i ft. loj in. 
A — 2D -1 flistance ovcTcdl two sleepers ( = min. at joints) = 3 ft. 
9 in- -\- 3 ft. - 6 ft. 9 in. (This dimension should not exceed distance 
between axles of locomotive.) 

D = 2D -1 length of sleeper = 3 ft. 9 in. -f 9 ft. -- 12 ft. 9 in. 

20 X 2,240 

Axle load of 20 tuns (Table No. 3) = > 5 -i lt>- per sq. ft. 

For infrequent passage and slow speed of such a heavy axle load, allow 
25 per cent, impact. 

'fotal load - 419 -1 (1-25 x 521) 1,070 lb. per sq. ft. 

Alternative : Total statii' load ( - 419 \- 521) plus 15 j^cr cent, for vibra- 
tion 1,080 lb. per sq. ft. 

(In normal railway bridge construction, longitudinal rail beams would be pro- 
videil, thereby relieving slab of traffic load.) 



LOADINGS . 


WEIGHTS OF RAIL VEHICLES 


table {N?5. 


J1& Ct?ANES I— WHCCL LOADS OERCIMO ON DISPOSITION OF JiB, ETC. 

ESSENTIAL DATA SHOULD &£ OBTAINED From MAKEOS . 


Alternative conditions 
C 

Gau<se .. T“ X “T 

4'- a'-^" 1 [a Jp 

(0 0?ANe STATIONABV, UNI.OAOCO, Jlft PARALLEL 
to track, strono Wind on side 
(2) CRANE travelling unloaded, jib PARAL-LEl to 
TRACK, light wind, IMPACT 1- 
^5) CRANE STATlONARV, JiB AT RlGHT ANGLES TO TRACK 
LIFTING load on LEEWARD SlOC 
(^) AS C2>) But DISCHARGING 

(5) crane STATlONARV, JiB OBLIQUE TO TRACK AND 
SLEWING WITH LOAD t - 


OVEgHEAD TgAVELLlNG CPANES 


MAV. LdA06 ON PAIR OF WHEELS 0*^ TONs) 


<^PACirV SPAN WHEEL 

CRANE . 50 ' 4o' I 50 ‘ loo' feASE 


typical loading fop 3 TON 


STEAM C{?ANe 

- 4oft. 

JlB. 

WHEEL 

wheel 

wheel 

WHEEL 

A 

B 

c 

D 

TtJNS 

TONS 

TONS 

tons 

n 

15 



I5>i 



12^2 


20 

20 

2% 


I2l^fl 

12^6 

io% 

12% 

2A'^Z 


2'/a 


2 TONS I 5'4v I <2? I I I d'-<2>" 



50 <• 


50 « 


miscellaneous VEHICLES 


IQ 

TBNS 

n 

n 

26 

11 

4o 

II 

55 

II 

64 

1 . 


Allowances. 


braking : 20 % OF WMEBL LOAO. 

IMPACT And VIBRATION " •' 

= 25 % or TOTAL LOAO. 
6iOe RACKING s» lO% " •' " 

DISTRIBUTION OF IVMEEL. LOAD 
TO G Coepth of rail). 


4 wheelso tramcar 3to-4tons per wheel; wheel base tLo"; overalllengtmBo'-oI 

ZO TON RAILWAY truck;- 7^ " " " " '' i2-o"; H •• 24'-^". 

main LINE locomotives I— MAXIMUM AXLE LOADS 20 TONS APPROX. 

Colliery tubs total load loaded ; lz.TbNS; gauge: I'- M'‘'2";oveRALi.LENGrH4*4* 
Min. TURNING radius ; 7-o"; height; 3'-2". 


WEI6HT5 OF 5TOI?ED MATEglALS . CTC. 


Grain <40 to 

50 LBS. 

PER CU. 

FT. 

WATER C fresh) 

G2-4 

Cement Cnormal) ^ « 

II II 

II 

Sea WATER 

04 

Coal Claries) 

60 " 

II n 

'• 

fermentjng beer 

04 

Coke 

26 >• 

II II 

II 

tar 

64 

dry sand 

40 " 

i| '1 

" 

Sulphuric Acio 

115 

CRUSHED STONE 

lOO ” 

H II 

M 

Ammonia (26%) 

55 

COMPACT SHOW 

20 " 

11 H 

II 

Bitumen 

55 

LOOSE SNOW * 

5 “ 

II II 

II 

FfeTROUEUM 

55 

Ashes 

4o '• 

II N 

• 

WINE 

G2 


materials in water 

lighter than V^/ATER: PRESSURE ON 
heavier than water : » " 

measured in Bulk + wt. of water 
Submerged material • 


Bottom op container = g2*4(heaoof water) 

" " ” — WT. OP DRY material 

IN VOIDS + WT. OP WATER ABOVE TOP OP I 


N 
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EXAMINEES OF USE OF TABLE No. 4. 

(See also Page 178.) 

To find the overturning moment due to wind on an exposed water tower 
consisting of a 20- ft. diameter tank 12 ft. deep, supported on an enclosed square 
tower, average width 14 ft. Tlie distance from ground level to the underside of the 
tank IS 50 ft , and 3 ft. from ground level to foundation level : 

Wind jnessure on whole of exposed tower (from Table No. 4) = 23 lb. per 
s(j. ft. of projected area. 

Wind on 'J'ank : Total pressure = 20 x 12 x 25 x o-6 — 3,600 lb. 

(o O reduction factor due to circular sluipc.) 

i 

12 

Centre of pressure =3+50-1 — _ 59 ft. above foundation level. 

Wind on sub-structure : 

Normal to face : = 12 X 50 x 25 = 15,000 lb. 

Normal to diagonal : = 12 V2 x 50 x 25 x 0*67 — 14,200 lb. approx. 
(0 O7 = reduction factor for wind normal to diagonal.) 

Centre of pressure = 3 -|- = 28 ft. above foundation level. 

Overturning moment (about axis parallel to face of tower) at foundation 
level : (3,600 x 50) -1 (15,000 X 28) — 632,000 ft. lb. 

Overturning moment (about diagonal) ' (3,600 x 59) + {1^,200 x 28) = 
609,000 ft. lb. 

(/>) I'o find width of deck slab of a road bridge assumed to carry a tractor 
wheel load ; slab 10 in. thick with 4-in. road metalling ; span of slab 7 ft. between 
longitudinal beams (i.e. L = 7 ft.) : 

T.ongitudinal dispersion : 

a ^ say, 12 in. ; .D — 4 in. -f say, in. i ft. oj in. 

A a + 2D — I ft. + 2 ft. I in. ^ 3 ft. i in. 

Transverse d.ispersion : 

b ^ say, I ft. 6 in. ; R = i ft. 6 in. + 2 ft. i in. = 3 ft. 7 in. 

According to an American rule : 5 = 0 67 (L — B) + /I 

= 0 67 (7 ft. — 3 ‘‘t. 7 in.) + 3 ft. I in. 

5 ft. 4 in. 



LOADINGS 


TABLE N 94 . 


IMPACT 

IN ACCC^eoANCE WITH 


VALUES OP n . 


ALLOWANCE. 

B.S.l. N9I53- part n«3. Ci^25). 


L. 

1. 

2. 

5. 


20 ft. 

•70 

•67 

•62 

•57 

30 « 

•(c7 

*5q 

•53 

•46 

0 

m 

•62 

•53 

•47 

•42 

50 •' 

•57 

•4S 

•42 

•37 

QfO “ 

•55 

•44 

•36 

•53 

70 '• 

•50 

•4l 

*33 

•30 

flo » 

•47 

•38 

*52 

•26 

lOO “ 

•42 

•53 

•26 

•25 

150 " 

•33* 

•25 

•21 

•17 

200 II 

•26 

•2t 

• 16 

•14 


Poe eoAO &eioae«. 


Where L » loaded length in feet op track 

OR TRACKS PROOuCiNfi MAV. STRESS 
IN member CONSiOEREO . 

n ss> Number of lines op rolling 

LOAD member supports OR ASSISTS 
IN SUPPORTING. 

1 s IMPACT FACTOR. ^MAK . VALUE • *7) 
FOR RAILIVAV bridges INCREASE 1 BV SO^o . 


M.OFT. loading includes so FOR IMPACT. 

I Suitable factor for slow moving or infrequent 
LOADING * 25 ^. 


WIND PRESSURES , 


L6i/ Ft* notes SENESAU POBMUl-A 


Builoiiscs:- 

UPPER TWO THIRDS 
PROJeCnONS ABOVE roof 


EXPOSED STRUCTURES CPANELS) 
ON LOWER BO'-O" HEIGHT. 
ON PORTION ABOVe So'-O" 


BRIDGES Cp« B.5.5 ) 
unloaded. 

LOADED ^ROAD BRIDGe). 



VELOCITV 
OF WIND IN 

M. R. H. 


^railwav BRi og e), 30 


DISPERSION OF LOADS 

it ^ OOwui 


DESCRIPTION PRESSURE 

OP IN 

WIND . L 66 / FT,^ 

P. 


LIGHT BREEZE 

Moderate 

HIGH WIND 
GALE 
STORM 
HURRICANE 
VIOLENT DITTO. 



3 M I 

j [ r I « 

<1 j 

? ^ — r < 

I lif 

li — ^ 

■^SPANOFSLAB ^ 


RO^ metalX 
X 

'CONCRETE SLAB> 


REINFORCEMENT^ 

/LOAD 




^ 1 .) WHEEL Contact Area. 

O »= length op contact (zero to •2"). 

b = WIDTH pFTVRE CG»" 
(^ 2 .) dispersion through metalling , 
SLAB. ETC . 

A ^ ( ROAO^WHfiELS) 

0 e b 4 * 20 ' 

(for LOADS ON rails SEE DIAGRAM.} 
(5.) Width op slab assumed td 

CARgy LOAD « S . 

AMERICAN S = •C) 7 (l-&) -*■ A 


^ 45 ^ COHCgBTE suabX^ 

* fWiNRTRcdMENT 


PtoR WHOi-E AXLE UOAD 
& « ZO-W LENGTH OF GLeCPCR. 


£. A. Scott:- £> * • 25 L + A 

E.O.WILLIAM& S *- •G7L*V gJ 

(MAdC.* 7 - 0 ^. 

MlN. OF transport:- FlA. I.IN 

CUAFTfifl IT. I 
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EXAM1T.es of use of table No. 5. 

(a) I'o find total horizontal pressure on the back of a vertical wall 15 ft high 
retaining ordinary filled earth ; level fill .subject to a surcharge of 2 cwt. i:)er sq. ft. 

1C): 

Assume for earth : ye 100 lb. per cb. ft. Angle of repose — 0 - 35 dog. 
b'roin 'Fable No. 5 : - - 0-271. 

Inten.sity of pressure at base of wall due to earth backing and surcharge 
(Case 3) : -- /i.^{wh 1 IE) 0-271(100 y 13 | 224) 467 lb. p'^r 

S(|. ft. 

Intensity of pressure at top of wall diui to surcharge : pi 0-271 x 224 
Oo-O D). p(.‘r sq. ft. 

'fotal pressure f (4^7 1- Go-h) 0-5 .< 15 y 528 - 3 oGo lb. 

[b) A vertical wall 20 ft high n-tains a lu-ap of dry toal, the top .'urface of 
which is slojied downw.irds from the wall at the natural slope Find the intensity 
of horizontal pressure at the base of wall, (a) neglecting friction on the back of wail 
and (b) allowing friction : 

From Table No 3, w ~ 30 ; 0 33 deg. 

(a) Neglecting friction : 0-203 

■ k^wh — 0-203 V 30 X 20 -- 205 11). per sq. ft. 

{b) Allowing for friction : Iv., = 7 

Pi. — 7 X 2c i.p) lb. per sq. ft. 


NOTES, 



PCESUPE Of CONTAINED MATEPIAL5 . ta6LC NS 


MATERIAL . 


FACTORS 

FOR 

VERTICAL 

WALL . 


NOTES 

FOlCTtON NCfiLCCTEO. 
^ a INTfcNftlTV OF HoeizLpacss. 
L} * UNIT WT. OF material * SBt 

TA6L.E5 I FO« v/ALue 

& * An&le of cefose. 

* 45 ® ^ ? (APPQOie) 


^ ^ 


MAXIMUM POSITIVE SUt?EMAI?6e. 


I.K7. 



p r.La)h 
^2 2 




NEGATIVE iUffCHAPGE. 


Allowiins for friction 
ON VERTICAl- WALL 

U s ANGLE OF FfflCTiON 6 't'N 
* , MATERIAL fti CONCRETE . 

b ^ K. h b * H 


= ti' 

- ks b 


FOR FORMUL/e. POP ALL CONDITIONS OF VERTICAL AND INCLINED WALLS SEE CHAR ITT . 


5UggHAgG£ . 

(appro J fl MATE TWCATHf NT) 

Cases CO C2) 
b - clf2U>h 

C * I4.4-5A 
, . HL J 
CASE C3) 


= IL— 


A * 

77] 

^ CASE 0 ) 


area- A x 




CASE ( 2 ) 


WlSS.PER 
SQ. FOOT. 


L^^CASEft) 
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EXAMPLES OF USE OF TABLE No. 6. 

To find the horizontal pressures at various depths in a 20'ft. diameter bin 6o ft. 
deep containing grain ; and also the total load carried on the walls due to the filling : 

For grain take w ~ 48 lb. per cb. ft. 
k = 0*5 
tan // ^ 0-444. 

Therefore p( — ivC) - 48C. 

The values of C are obtained from the table for 




Q = 025 

X 20 

- 5 0. 

At 10 

ft. deptli ; 

6 

X 

48 

192 lb. per sq. ft. 

I. 20 

ft. 

6*7 X 

48 -- 

322 


ft. 

-- 8*4 X 

48 

4«3 

40 

ft. 

9-4 X 

48 -- 

4.52 

• 1 bo 

ft. 

10*6 X 

48 

498 


The load transferred to the walls of the bin by friction (use forini^la given in 
J*aragra]di 5, Chapter HI, for lu ---= 48 lb. ])cr cb. ft.) 

( 127 / - o-^p)D 
“ (t2 X 60 0*5 :c 498)20 

: - 9,420 lb. per lineal foot of circumference. 


NOTES, 



DEEP 51L05. 


TABLE m 6 . 


JANSSENS FORMULA. 


toCl 

•WN f 4 


['-i] 


p = HOCIZONT/^L PRESSUBt IN LBS. PEB Sq. FT. AT DEPTH H FT. 

U) = WEIGHT OF FILLING IN LBS. PER CU. FT. (SEE TABLE s) 

Q ^ PLAN AREA OF BIN IN SQ. FT. 

PERIMETER OF BIN IN FT. 


ju = Angle of friction between wall And filling ( see table N®. 5) 

V * VERTICAL PRESSURE IN LBS. PER Sq. FT. AT DEPTH H FT. 

^ HORIZ ^ TAL ^ eS^ / .5 GRANULAR MATERIALS) 

VERTICAL PRESSURE V / 

H k TAN U 

ss number whose common LOS. s 1 - 

2-505Q 

H « DEPTH OF giLLINS IN FEET ABOVE POINT BEING CONSIDERED. 


VALUES OP C ^ 


FOR TAN |U*= *444 ; k *» • ! 


VALUES OF Q 



40 

15*2 

ii-a 

KOI 

8*1 


45 

14*2 

12*3 

^•5 

1 

a ‘3 





too 


INCREASE 


20*0 


IN lateral 


ViALUeS DF Q, 

I SQUARE bin; o'k D*; Q - *250. 

I I 6D 

RECTANGULAR bin; 6 X D ; Q « 2 (&^) 
HEyASDNAL BIN ; Q « *25 (oiSTANCE ACROSS FLATs) 
octagonal BIN ; Q » *25 ^distance across plats) 
(^•O I 1 1*4 I CIRCULAR bin; = *25 diameter. 


PRESSURE IS NEGLIGIBLE BELOW THE DEPTHS TABULATED ABOVE . 
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NOTES. 



S!N<aLE SPAN BEAMS 


CANTILEVERS & SINGLE SPAN BEAMS. TA5LE N? 7. 
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EXAMPLES OF USE OF TABLE No. 8. 

(a) To find the maximum moments at the middles of the end span and centre 
span, and at the penultimate and interior supports of a five-span continuous beam ; 
all spans == 15 ft. ; dead load = 600 lb. per ft. run and live load of 1,200 lb. per 
ft. run. 

(i) From Table No. 8. 

Penultimate support : 

Dead load : 0105 x 600 x 15® = 14,200 ft. lb. 

Live load : 01 20 x 1,200 x 15® = 32,300 ,, 

Total : = 46,500 ,, (Ncg.) 

Interior support : 

Dead load : 0 080 x 600 x 15® = 10,400 ft. lb. 

Live load: oiii x 1,200 x 15® = 29,900 

Total : 40,300 ,, (Ncg.) 

Middle of end span : ^ 

Dead load : 0 078 x 600 - 15® - 10,250 ft. lb. 

Live load : o*ioo x 1,200 X 15® — 27,000 ,, 

Total : = 37,250 „ (Pos.) 

Middle of interior span : 

Dead load : 0-046 x 600 x 15® 6,200 ft. lb. 

Live load : o-o86 x 1,200 x 15® = 23,200 ,, 

Total : == 29,400 ,, (Pos ) 

(ii) From Table No. 10. 

Ratio of live to dead load — =- 2 

600 

Total load - 1,200 + 600 =- 1,800 lb. 

Penultimate support : 0-107 ^ 1,800 x 15® ~ 43,100 ft. lb. (Neg.) 

Interior support : 0-102 x 1,800 x 15® = 41,100 ,, (Neg.) 

Middle of end span : 0-094 x 1,800 x 15® — 38,100 ,, (Pos.) 

Middle of centre span ; 0-069 x 1,800 x 15® -- 28,000 ,, (Pos.) 

[h) Same problem as Exjimple (a) opposite Table No. 9 : 

IVniiltimatc supi^ort : 

Dccid load : 0107 x 1,000 x 15® — 24,100 ft. lb. 

I.ivc load : o-i8i x 10,000 x 15 27,200 

51*300 


NOTES. 
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EXAMPLES OF USE OF TABLE No. 9. 

{(/) To find IJio maximum moment at the penultimate support of a beam continuous 
over lour etpial spans of 15 ft. carrying a uniformly distributed load of 1,000 lb. per ft. run ; 
a live i)()int load of 10,000 lb can occur at the centre of one or more of the spans simul- 
taneously. 

Maximum B M. occurs when isl, 2nd, and 4th spans arc loaded with point load. Divid- 
ing the total loading into single-span loads ; 

Support 




Load Factor 

Moment 

PrnduL t 

iMod IK. 

Span. 

- F. 

Coefficient Q. 

FQW 

Uniformly distributed 

All spans 

1*00 

— 0*107 

— 1,605 

]K _ i,(’('o X J5 ^ 15,000 lb. 





Point load 11’ -- 10,000 lb. 

ist span 

1*50 

— 0*067 

— 1,000 

Ditto 

2nd span 

1*50 

— 0*049 

- 740 

Ditto ..... 

4th span 

1*50 

- 0 004 

— 60 




TA'QW - 

3.4«5 


B.M. •- 

L X ^FQW - 

~ 3.-|05 X 15 -■ 

- 51.075 


It can be s<-en from the Talilo that these re.sults are the maximum possible, bcc.T-usc if 
the 3nl s]ian w(’re loaded a positive moment would be introduced that \Yould reduce the 
total negative' moment. 

(h) 'fo find the moment at the middle of thccentre s])anof three continuous span.s, 10 ft., 
15 ft , and 10 ft. respectiv'ely 'Ihc load on the centre span is a uniform dead load of 7,000 
lb per ft. run and on each of tin* end spans the load is triangularly distributed being (>,000 
lb pc'i' ft at tlie inner sii]’>poits and zero at the outer sujiports, at which the beam is simply 
supjiortc'd. (Ihis is tlu' type of loading that would be encountered in the design of a rc‘c- 
t.ingular t.ink when wall counterforts — tied at their c'xtrcmities — are continuous with the 
beams of tlie suspended bottom ) 

First determine tlu' B M at the inner su])ports by dividing the loading and evaluating 
the corresponding products Owing to symmetry the moments at each intcjrior support will 
be eipial. 

, , End siian 10 

/■i ''2 - I,--- .... = t; o-t>7 


n -- 

For 1st span loaded 

l''or 2nd sjiaii loaded 
For 3rd .s]ian loaded 


Base sjian 15 
- y - 0-07 -I 1 = I •67 
5 

- -T - - 0'JQ3. 

f X i-()7 X 1*67) — I 

« 3 X 0*672 X o*4<i3 --- o*6r)3 

7 - 0*5 X 1*67 X 0*663 ~ ^’555 

’{ L/? owing to symmc’Try) - - 0*^93 (1-67 -f 0*67) 

^arig to .symmi'try Ua — 0*555 \ Un -- 


Loiui ir. 

Triangularly di.stnbuted 
(Apex at left-hand sup- 
port) 

IF - 6,000 X 10 X 0*5 

30,000 lb. 

Uniformly distributed 

IK — 7,000 X 15 
-r-- 105,000 lb 

Tr 1 an g u 1 a rl y distributed 
(Apex at right-hand 
support : therefore re- 
verse system) 

IV - 30,000 lb. 


Span T. 
3rd 

T 10 ft. 


(Load J 'actor) X 
[Support l\Ii. 
Cocf) --- FQ 
-|- 0*018 


1*00 X (-■ ■ 0*050) 


-- 0*071 


Moment 
Afuliiplicr 
- U. 

Uji 0*663 


Ujt - 1*15 


Ur for 3rd span 
loaded =■ 0*555 


Product 
= FQUWr,. 

-f- 3,580 ft lb 


“■ 00,500 


Net B.M. at inner support — — 98,720 ft. lb. 


7 ooo X I *5 ^ 

Free moment at mid-span =- - — — 197,000 ft. lb. 

o 

Le.ss negative B 1\I. at mid-span = 98,720 t ,, 

Net positive B.M. at mid-span = 98,280 



CONTINUOUS BEAMS TOBLCN»-‘i. 


notes : otvtoe given beam svstcm k/p into a number of similar 

SVSTEMS EACH HAVINB ONE SPAN LOADED IVITH A PARTICULAR TVPR OF 
LOAD. TO PINO THE 6.M. AT ANV SUPPORT OUE TO ANV ONE OP THESE 
LOAOS^ EVALUATE THE POLLOWINS FACTORS FOR THE PARTICULAR SUPPORT 
ANO LOAD TVPE t — 

LOAD FACTOR m P ( «» UNITV FOR OlSTRlBUTEO LOAo). 

SUPPORT MOMENT COEFFICIENT = 

MOMENT MULTIPLIER * U C=UNlTV FOR EQUAL SPANS 
B.M . AT SUPPORT a FQU 6ASE SPAN . 

NOTE RE TeiANOULAg.LV OlSTRlBUTEO LOADS t FOR FQ USE THE VALUE ^ 
GIVEN IN BSACVETS IN COLUMN MEAOEO “suPPORT MOMENT COEFFICIENTS 
WHEN APEX IS AT L.H. SUPPORT. REVERSE SYSTEM WHEN APEX IS AT R.H.S 



loaded span 


EQUAL SPANS UNEQUAL SPANS. 

SuppXmX cqepfT? 

Q Q Q moment multipliers = U 



Both spans loaded 

WITH IDLNTICALLOAO . 



All spans loaded with 

lOEl^TICAL LOAO • 




see note seldw for unequal spans 
SimultaneouslV loaded. 


Ua= 

= 3kfH 


Ug* H(>j + k^) 

Uf * H(x+ ki) 


Ue = 5 (< 2 H 

Uc “ "Sx U5 


■X = k,+i 

4 = IC2+ 1 


4>:«^ - I 


Foe TWO,THeEE,OR FOUR UNEQUAL SPANS 
LOADED SIMULTANEOUSLY, DETERMINE S.MS.PSR 
EACHSPAN loaded separately ANO ADO. 
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NOTES. 

(See Examples for Table No. 8 for application of moment coefficients.' 



CONTINUOUS BCAM5 


laSLENSK). 


RENDING MOMENT COEFFICIENTS . 


SECTION DEAD U>/E 

LOA>0 LOAD 



M<OSPAN 1 I 

•NTE«»OR 6PANS, yA *75 

C^StTlVE B.M.) ^ 



*T0TAI. load \ RA.TIO OP U^E TO DEAD LOAD • 


inairaBciBaBaBaBa 


— hoM -oqs -oq^ -oqs -oq^ -o^c, Uoq? 


•IO& *107 -107 *106 rio 6 rioq -loq 


•05 C» ‘OGjS -067 'OCiq -OTZ *075 *074 *076 


•oq3 -0^7 Uioo *102 *105 *104 *105 • 106 


COePFlClENTS 


FOC OHIFOBML.V' 

DlSTClSUTEO LOAD ON APPPO^^lMATELY EQUAL SPANS. 


VARIASLE MOMENT OF INERTIA . 

® p 

Accurate method 

rv ^M.oFlcupve/^IX T»ee moment cuQves 


H I PPEB B»M 



'tT?eAT EACH CONSECUTIVE PAIR OF 
SPANS THUS I— 



ON THE SPANS DRAWN TO SCALE « CONSTRUCT THE FREE MOMENT CURVES 
AND THE MOMENT OF INERTIA CURVES. DIVIDE THE ORDINATES OF THE FORMER BY THOSE 
OP THE LATTER TC ENABLE THE CURVES OF FREE &.M TO BE DRAWN . 


FI?EE 6^1^ ^ 

FIND A I = area UNDER j CURVE FOR SPAN L| AND POSITION OF CCNTROlO 6 

AhO A2 " " MW L2 M II n II I 

SETUP AO, BE, And Cf to a suitable scale to represent any assumed 

VALUES OF the MOMENTS AT A, B , & C RE5PEC TIVELY. CONNECT OB.ACjEC, C» 6f*. 


let Ma ^KaAO 


Mp» = kftBE 


divide the ordinates or DBF and AtC BY the ordinates of the M .of I. curve. 

TOGIVE THE CURVES AHC AND GBj. » 

Find Av = Area under curve S& And position of centroid Gv 
Ak =» " " "Ah " " " •' Gx 

Ay * " " •* Hc " " " " Gy 

and 5a n II n &J « n M R 

SoasT-TOTE .N (a, z, + k^vA^ + + W;i 

UNIOMOWNS ARE I<A.<I l<B«&> AND EEQUISITE NUMBER OF EQUATIONS FOLLOWS 
PROI*l CONSECUTIVE 7>A|R S OF SPfo^S AND 6WD SUPPORT CONDITIONS , 

approximate method . I RATIO OF l%ll ' * r— — i r— i 


CONSTANT BOTH ends MidSPAN 

moment op INERTIA AND INCREASE 

PR DECREASE BY THE APPROPRIATE SUPPORT 

PERCENTAQe TABULATED, r"~ 

1 5 sa m.of I. AT Support* midspan 

I - m.of I. AT MIDSPAN. ONE FREE SUPPORT 


•50 I *75 I 1*25 I 


i reb^hb^ seih^ bii^ 

ig?s?BgEaef^ea^nr^ 
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NOTES. 



CONTINUOU5 BEAMS 


TABLt N« 





ON THE GIVEN &EAM SVSTEM A,B, C,0, BTC, DRAWN TO SCALE, PLOT THE 
Position of the fixed poumt Ff in left hand portion of span AB. 

WHEN END A IS freely SUPPORTED ; Pi = ZERO. 

" “A - FIXED ; fi «= *553 Li 

SETOFF&E* V2«-333Cl,-L2) ; X 5 * -SSSf L2 “ L5); 4 = -335 ('lj - M),eTC. 

SET UP verticals at the third points of each span. At any convenient 
Angle orawGEJ. Join FiG and produce to meet support line AT H. i 
Join HJ to intersect beam line in F 2 ivhich is fixed point for left 

HAND PORTION OF SPAN L2 . 

REPEAT SIMILAR CONSTRUCTION TO FIND Fs , F4, ETC. TO THE END OF THE 
SYSTEM, and, COMMENCING AT THE EXTREME RiGHT HAND SUPPORT, REPEAT 
THE WHOLE PROCESS WORKING TOWARDS THE LEFT, THUS ESTABLISHING THE 

Fixed Rdints in the right hand portion of each span . 

EOUAU SPANS . Cue. L| * L 2 * 1-3 etc. * O 


Distance of fixed point*. 
Fixed at A : 

FREELY SUPPORTED AT A I 


(Z) To DETgRMiNE BENDING MOMENT 


FREE 8, M. DIAGRAM^ 
AREA « A 

CENTROID * Z FROM B 


Pi fz fs P4 ETC. 
•3333L *2222L *2121 L -Zll^L 
O •2000L-2I05L *2113 L 


note:- 

FoeANYSVMMETRtCAL LOAD EBsCS 
EB foUUH fPORM LOAD sr • 26 W L* 
E5ro<CENTee flaiNT LOADS' •'51S WL 




DRAW OUT TiJt BEAM SYSTEM TO SCALE AND PLOT THE POSITIONS OF THE FiXEO POINTS, 
F| Fj Fj ETC. IN THE LEFT HAND PORTION AND F,’ F5 ETC, IN THE RIGHT HAND PORTION 
OF EACH SPAN. SET UP B E » AND CG * G A (SEE NOTE ABOVE^. 

JoinBGGCE, . 

DRAW HJ THROUGH iNTEeSECTlONS OF VERTICALS FROM AND 

TO COMPLETE 6.M. DIAGRAM FOR LOAD ON SPAN BC^CONNECf H TO J TO F3, ETC. 
REPEAT FDR OTHER LOADED SPANS AND COMBINE DIAGRAMS TO GlVETC>TAL MOMENTS. 


O 
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NOTES, 

(For examples of the use of influence lines, see the page opposite Table No. 13.) 



INrLUENCC LINC5 


TA6LE N«12. 


DATA POR CONSmuCTiH® WFUUCNCe LINES FOR &ENOIN& I^MENTS PROOUCCO 

AT SOPPOPTS AHP MIO-SPAH BV A SiNBl.e UNIT POINT LOAD MOVING ALONG 
A BEAM OP TWO OR THREE SPANS. 

B.M. DOB TO ANV LOAD AT ANV POINT » h WL. 

h « OROINATR OP APPROPRIATE INfLUENCE LINE AT POINT CONSIDERED. 
W « TOTAL LOAD. 

I. m SPAN ^WHEN SPANS ARE UNEQUAL L END SPAN » L| ) 
ORDINATES POR INTERMEDIATE SPAN RATIOS CAN BE INTERPOLATED . 

Reference to the diagrams will indicate whether the moment due -to the 

LOAD IN ANV PARTICULAR POSITION IS POSITIVE OR NEGATIVE . 


TV/O SPANS / 


SPAN Lt - MiftPoiNT 



-SPAN L2 “ MlO.PO' 

4*ve 

-Vfe 

centre Support 


9 


•0B2 -046 


ORDINATES 


•070 I -142 *219 • 156 *002 *065 *125 hO^q 


•064 * 0^5 • 0 q 4 -074 


•167 •I 6 q *135 


•247 *250 -iqB 


•ISO 


•185 


•255 


\ interior span - MIO* POINT 


•027 


-020 

•057 

1-047 

•016 

•030 


•014 

•025 1 

l-OSI 


•no *247 


•052 ‘I?! 


•057 *025 *067 *167 


•051 I -021 I *082 I ^210 


THREe SPANS 

END- SPAN - MiO. POINT 


INTERIOR SUPPORT 





ORDINATES 
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EXAMl’I.ES OE USE OF TABLE No. 13. 

(a) To (IcteriTiino the bending? moment at the penultimate (left-hand end) .sup- 
port of a .system of four spans (constant moment of inertia, freely supported on end 
supports) subject to a central point load of 10 tons on the first and third spans 
(countinf< from left-liand end) ; end spans - 20 ft. ; middle spans 30 ft. ; hence 
span-ratio is i : : i.J : 1. 

ft. lb. 

With load on ist sjiari : li.M.- — (0 082 > 10 x 2,240 x 20) =-36,800 (neg.). 
(ordinate c) 

With load on 3rd S])an ; 11 M.- 1 (0 035 x 10 x 2,240 x 20) -=15,700 (pos.) 

(ordinate m) 

Net B.M. at penultimate support = 21,100 (neg.) 

(h) For the detenninution of the moments at any of the ciitical sections in ei 
beam system due to a tram of point loads in any given position, the procedure is 
as follows : 

Draw the beam system to some convenient linear scale. * 

With the ordinates given on Tables Nos 12 and 13 construct the influence line 
(for a unit load) for the section to be considered, selecting a convenient scale for 
the bending moment 

JMot on this diagram the position of the tram of loads 

'Fabnlate the value ot (ordinaU; X load) for (‘ach point load. 

Algebraically add the ])roducts (ordinate x load) to give the resultant bending 
moment at the section considered. 

NOTES. 

The inlluence line marked “ Penultimate Support " on the four span diagram on 
Table No 13 refers to the .second support from the left-hand side. 



INfLUtNCt LINES 


TOK-t NS 15. 


DATA FOR constructing INFLUENCE LINES FOR SENOiNC MOMENTS PRODUCED 
AT SUPPORTS and MiO- SPAN 6V A SINGLE UNIT POINT LOAD MOVING ALONG A 
CONTINUOUS BEAM OF POUR OR MORE SPANS. 

B.M. ooe TO ANV load at anv point » h Wi. . 

h » ORDINATE OF APPROPRIATE INFLUENCE LINE AT POINT CONSIDERED . 

VJ w TOTAL LOAD . 

L “ SPAN . ( WHEN SPANS ARE UNEQUAL L =» END SPAN = ^l) 

ORDINATES FOR INTERMEDIATE SPAN RATIOS CAN BE INTERPOLATED. 

REFERENCE TO THE DIAGRAMS WILL INDICATE WHETHER THE MOMENT DUE TO THE 
LOAD IN ANV PARTICULAR POSITION IS POSITIVE OR NEGATIVE . 
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EXAMPLES OF USE OF TABLE No. 14. 


(a) To determine the bending moments in a rectangular slab, A BCD, subject 
to an inclusive load of 300 lb. per sq. ft. The slab is freely supported along the edge 
AB and continuous over the supports on the remaining three sides ; AB = DC ^ 10 
ft. ; AD ----- BC = 12. ft. (i) Spanning from AD to BC only, (ii) Designed to span 
in two directions (French Government Rules). 


(i) Span AD — BC is equivalent to an interior span of a system of con- 
tinuous spans ; 


hence B.M. at mid-span 


300 10“ 


2,000 ft. lb. 


15 

300 10“^ 

Ji.M. at support - ‘ -2,500 ,, 

In direction AB — DC only distribution steel would be provided. 


(li) S]ianning in bolh directions : 


h>iui valent short span = 0*67 x 10 ^ 6 7 ft. 
Equivalent long span o-8o x 12 -= g h ft. 

<1 


k - - 


9(3 

6-7 


I- 43 - 


From French Government formula : coclhricnts ^ 0 69 and 010. 


J\*ndmg moments : 

Mid-span : AD — BC : 
Mid-span : A B - DC : 
Support : DC : 

Siqiports ; AD and BC 
Support : A B : 


ft. lb. 

0*69 X 300 r 10“ X — 1,3^0 

o-io '• 300 x 12“ X - 393 

0-10 X 300 X 12“ X - 432 

o ()9 300 ' 10“ X — i,bi3 

nil 


(b) h'or example of “ II it sLib ” design, see “ Additional Examples " following 
Tabic No. 40. 


NOTES. 



SLABS 


TABLE. N«I4. 


6. M . COeFFICieNTS . SecTiON 

aa. M UNiWtM LO^DINA. 

U) APPffOXlMATBLV BOUAL WITHOUT MAOWC 

(see ALSO TAeke.N«l<») |wiTM HAUHCHIS 


RECTAN 6 ULAR SLABS 


AHENCH 

SOVT 


END SPAN 
MtO.SPAN 


int9 span IlNTSeiOP 
MID. SPAN I SUPPORT 



.ge AND 
^ RANKINC 


1-05 II *5S I "46 



Ws 


w 

w 

ica 

irai 


•2q 

•42 

•2G 

•47 

•22 

•51 

•1^ 

iSi 

• 17 

•5q 

• 15 

•« 

•13 

•GG 

• 12 

El 

• IQ 

B3iBS9 

•74 

•08 

•77 

•07 

•7q 

•OG 


E 3 iBES 


•27 

•3G 

•24^ 


•22 

•45 

• 

ea 

M7 

m 

•15 

•51 

na 

•53 


•SG 

on 

BSBSi 

•GO 

-o^ 

•G5 

•06 


CReiNFORceo in two directions) 

: W « TOTAL LOAD ON 6LA& 

AMERICAN CARRICO iN OlRBCTiON 

OF SHORTER EQUIVALENT 
SPAN . 

Wl = LOAD CARRIED IN OlRfiCTkON 
W OF LON&ER EQUIVALENT 

SPAN . 

_ LONGER equivalent SPAN 


SHORTER EQUIVALENT SPAN 


^11 *^0 1-40 IcQoiVALeNT SPAN * fii(ACTUALSPAN) 


VALUES OF t 

SPAN FREELV SoPPORTCO AT . 
e.OTH ENOS * 

SPAN FREELV supported AT 
ONE END ANO FIXED AT - 
OTHER END 

SPAN FIXED AT EOTH ENDS . . - f ■•fil 

SPAN FIXED AT ONE END AND 

NSUPPORTED AT THE OTHER . 



SHORTER ACTUAL SPAN 



fft)R REFERENCES TO FULL STOOV OF PiGEAuO 

method see DESCRIPTIVE SIBLIOGRAPHV). 


Igrashof and rankine formula:- 

W- = Wl - 

B 1^4 + 1 ’ L B 

FRENCH GOVERNMENT FORMULA:- 

_ American : - 

Wg a W (k -0*s)i 


er, A-r L & B = LENGTHS OF PANEL SIDES 

FLAT SLABS. ( MUSHROOM FLOORS, y (ALL DIMENSIONS in INCHES) 

I (see ALSO chap.32). L<& and >|J39 u, rftwffn ploop^ / \ 

I OIA. OF column shaft *•- NOT LESS THAN l2 , NOR *■■■-&■■ ■■ ^ NOR *026 (^L+b) 

Slab thickncss:- not less than (h\ or -OisCl+bJ for floors or-oi5(l+b) for roofs, 

OR *001 ^L+ B) JoJ + 1*5 u 6 |THOUT dropped panels. CJ ■ TOTAL LOAD 
✓ Jr-... * ^ LBS.PERSQ.fT. 

OR-0008S Cl+ By JU + 1*0 WITH DROPPED PANELS . 

DIA. OF column capital » O < *225 U 

Size OF DROPPCO PANEL --t*4L X*4B. CFFCCTIVE SPANS 1 5|.»L“"67Df 

Moments : - total positive parallel to L • 35^ L Sg 5 parallel to 6 * 3600 ^ ®^l 

(INCH LBS.) ^ provided FOR IN CENTRE HALF r 3o7o WITH DROPPED PANELS, 40% WITHOUT. 
TOTAL NEGATlVe PARALLEL TO L « 2\ko CJLS^*, PARALLEL TD 6 * 

TO Be PROVIOBD FOR IH CENTRC HALF *. 20% WITH DROPPED PANELS, 30% WITHOUT. 
moments in BNO spans ANO AT PENULTIMATE SUPPORTS TO BE INCREASEO BV ^0%. 
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EXAMPLES OF USE OF TABLE No. 15. 

{Sec also Chapter V.) 

(a) The bases of the columns of a rectangular portal frame, 10 ft. wide and 15 ft. 
high, are equivalent to “ hinged ” ; the beam and columns are of identical section. 
To find the moments at the head of the columns £ind at the centre of the beam, if 
a ix)int load of r 0,000 lb. is placed at the centre of the beam : 

L -- TO O ; n 15 0 : Ic - In ^ \ ^ ^ ^ 

A \VL 

From tabulated values, - - for central point load 

/v o 


J 0,000 ■ TO 

8 


12,300 ft. lb. 


Moment at head of columns ( moment at ends of beam) - Mn — 

3 Zlii (3 :r/‘> (Ncg.Vive). 

From tabulated values, free B.M. for central point load 

WL 

— * — 23,000 ft. lb. (Positive) 

4 

Less end moment -- 6,250 ,, (Negative) 


Mid-.span 1^,750 ,, (l^ositive) 

(b) d'o find the approximate wind moments and forces in the columns of a gantry 
supiiort ; the maximum load on each pair of columns is too tons, and the horizontal 
wind load - 5 tons 'Phe height of the columns is 48 ft braced at toj) and bottom 
and with intermediate braces at 12 ft centres ; distance apart of columns at base 
-- 20 ft. : 

TOO 

P - 3 tons ; ir ^ ^5^ tons per column. 


H 48 0; h T 2 o; D -- 200. 

B.M. in columns at junction w'ith brace ^ ^ — 13 ft. tons. 

4 

13. M. in brace at junction with columns — 2 x 15 — 30 

The vertical load on the leeweird column — Fa - 50 -f " ~ 62 tons 

" 20 

plus dead load of columns and braces. 

The vertical load on the windward column F , = 30 - - ^ = 38 tons 

plus dead load of columns and braces. 

These loads and moments are combined as expBined in Chapter XIV (and Table 
No. 36) to design the sections or determine the stresses thereon. 


NOTES, 



rRAMCD iTRUCTURES. 


TABLt N« 16 . 


general. nORMUL^e POR NON - ELASTIC SUPPORTS . 


C0r«0>T»0NS. 




C 0 N 0 >T» 0 NS. I ^ AP « I IE * Vour^G's HOOOLO$ 


2 EX (2©a.+ ®b) “ P ”^^‘^C2©6+®a) ■ ® 


■A ^ ^ _ ©A - SLOPE at a 

-P -4exQ^-Q ^ 

■ - - - a i -P -<=> P ' -^(ZL-Sz) 

y -O 3EXQ - Cp+ ®) ZERO *^"^52-1-) 

Aa 6 A 2 

A * A«?eA OP F^^Ee 

A ^ / Q N MOMENT OlA. 6 . 

tl ^ -(p^ 1) zero Z-o,ST.Mceo^ 

1- . CENTffe OP AffEA 

WHEN member is UNUOAOED P AMO O = ZERO. PCOM 

WHEN load «S SYMMETCiCAU p - Q = « fiM. AT ENO OP Fi><EO BEAM SIMILARLY LOAOEO.) 


2E\< - CP+ f ) 


values op 


POR SYMMETRICAL LOADS. 


W * TOTAL LOAD. 
» SPAN . 



MAy. 

free WL 

6.M. 6 


WL 

Wo 

T 

2 

WL 

a 

we. ^L-a) 

2L ^ 



PORTAL FRAMES & 

R= r— 

_ Ma ~ M ft p. _ Mo-Mc I 


H A H 

WHEN riKEO AT A ANO LJArvO 

WITH load on Ab; Me = - M£ 
WHCN MINeeO AT A /KIMO Da,WO 

WITH LOAD ON BC: Me “ M ej 

WHEN HINGEO AT A AMO D amo W 
AN V LOAOlNC^ ; M A = Mo = 


horizontal load on a B . I vertical load on B C . 





-X-.^[y(2+I6r)-5z-^ 







F. •= W- ^ 
re = ^ 


^(u+v) 


B.m.incol. at any joint . ^ 

SHEAR ON COLUMN « ^ 

z 

5 .M. IN BRftce = f(h^+ \,,) 


>0 14 - 3 z 

f 275 " 


whCi-t-se) 


L 

2 C 
3 (L -22 
l + ^^^ 


LOADS and moments OU6 TO DEAD 
weight of cols, ano braces ' 1b ado 

CAGED COLUMNS. 
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EXAMPLES OF USE OF TABLE No. i6. 

(a) To find the bending moment at the head of an exterior column partially fixed 
at the base, and with Lc = 15 ft., Lj, — 25 ft., and Lj, == nil. There is a uniformly 
distributed load of 1,000 lb. per ft. on the beam AB ; the latter is continuous at 
B, but cannot be considered rigidly fixed. Given that — 5,000 ins.* and 1^ = 6,000 


X, *5,000 6,000 

Hence Kn ' = 200 ; Kf, ^ - - - - = 400 ; 

"25 ' 15 ^ ’ 

T\a 400 

= =2 

J\ „ 200 

From Table, for ^ 2 and = o 
A/, Kb 

C ^ o-6o to 1-09. 

Since end conditions both at C and B arc intermediate between " hinged " 
and " fixed," consider a mean value of C = 0-85. 

From Table No. 15, 

^ IFL;, 1,000 X 25® , 

V- for distributed load = — 52,000 ft. lb. 

L 12 12 


Hence = C . y- — 0-85 x 52,000 = 44,000 ft. lb. 

Jh 


(b) A beam carrying 2,000 lb. per ft. over a span of 20 ft. is continuous at one 
end, and, for the purposes of the beam calculation, has been assumed freely sup- 
ported on a column at the other end. To find the moment for which the column 
should be designed, assuming monolithic construction : 

If the beam is an end span of a series of continuous beams it will have been 
, . , , . , , , WJ.'^ 2,000 X 20^ 

designed for a mid-span bending moment of - ^ 80,000 ft. lb. 

The column should be designed for a moment of J x 80,000 = 26,700 ft. lb. at 
its head, falling away to zero if hinged at the bottom, or to a reverse moment of 
13,350 ft. lb. if fixed at the bottom. 


NOTES. 



CONTINUITY BETWEEN COLS. & BEAMS 


TABLE N«IG, 



ma-ximum minimum 


FOB VALUES OF A 
see TAAlE No. is . 

I at MOM. OF INEBTIA, 


3 Kb + 4 k'c+ 4 k’D 


scko-fkc) 


4 5 -F 3 Kc 


VALUES OF C 


i 

values of 

•5 

L 5 

•5 




1 2-0 

5 . 

■O 1 

QQI 

1203 

isns 9 

ISQ 9 

IQQ 2 I 

B^ 3 I 

IQQ 9 

iSQ 9 


ISQ 3 I 

BOBHI 

ISQ 3 I 

IIHffH 


to 

•67 

1*40 

•64 

f^ 4 o 

• 4 o 

J -40 

• 40 

l• 4 o 

.qo 

1-40 

*42 

1-42 

E9 

1-45 

5 

•60 

1-51 

• 61 

1-32 

•82 

1-35 

•85 

1*34 

•84 

1-55 

•68 


ESI 

1-42 

a 

BSi 

I'lZ 

•66 

(•IS 

•64 

1‘20 

•72 

1*25 

•75 

l• 2 & 

•64 


Bffli 

1*41 

m 

•57 

1*05 

•60 

hoq 

•65 

I'lS 

•64 

HQ 

•72 

1*24 

•03 

1^34 

B9 

BQ 

B9 

m 

•44 

•55 

1*00 

•60 

1*04 

•65 

1-15 

•64 

1*20 

•82 

1-55 

m 

m 

rr 

•36 

•75 

•45 

•66 

• 53 

hoo 

•60 

hop 

•GPS 

1-15 

mm 

1*32 

m 

l• 4 o 

m 

•27 

•60 

•37 

•75 

wm 

•44 

•57 

l^os 

• 65 

BB 

•BO 

I'SO 

H5Bi 

DSI 

0 

B9I 

•58 

•27 

•60 

•45 

•06 

•55 

hoo 

•60 

BQ9 

•74 

1-50 

B35i 

Id 

THif CASE A^FLiVA To a I SHAPED FFAME ^ le ko 

zevo IN ABOi/K FOBMUi - a . I 


INTERIOR COLUMNS . 


ANV fiVMMCTBiCAL LIVE LOAD ON 6 EAM 6 , 


/T> 






M. 


Ka 


Ac 

Mao 


A 

U 




. 1^0 


Kc 


B.M. »N BEAM IS IH All 
CASES LESS TViAN 5,M. 

At suPPoBT AS computed 
B v tmeee moment THcoey, 






^APPQOX.) 


values of C 


1-5 


VALUES OF 




•^s 


•oa 


'oq 


• 2 o 


•55 


> 14 


•55 


• 4 o 


•45 


•4o 


•45 


•50 


•45 


&5 


do 


65 


•46 






•80 


•65 


•67 


•64 


•41 


value of ^ SHOULD BE lAKEH FOB *L!Ve* LOAD ONLY; SEE. TABLE NO l5 FO« VALUES. 


APPgQXlMATe TgEATMCNT 
(>•) LOAD INCRKASe FACTORS • 
AEBANOCMENT of qcams 


5 ^ 


r 2.) alternative method a 
' .-fx /Tv 


I 


PLAN 


F»J*5 F«l*3 F*|»4 |p*l^OTDl-l 

equivalent load oh column 5* f k actual load • 





hinged 
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EXAMPLES OF USE OF TABLE No. 17. 

(a) To determine the breadth of a mass concrete foundation 10 ft. long, 2 ft. thick, 
carrying a load of 100 tons placed i ft. eccentric, founded on ordinary clay : 

From Tabic, safe pressure ~ 2 tons per sq. ft. 

Allowing for eccentric pressure (add 10 per cent.), p = 2*2 tons per sq. ft. 
2 X 130 

Weight of base -= “2^4^“ ^ 

Available pressure -- 2 2 — 0*12 ^ 2*oS tons per sq. ft. 

L TO L 

Since - I -I? and e — 10, c < - 

0 0' 0 

• A = (i I - 1-6. 

Rearranging the appropriate formula : 

1-6 X TOO 

Breadth of foundation — "‘77 ft* say, 8 ft. 

(b) To find the maximum ground pressure under the base in (a) iPbase is made 
8 ft. wide and load is 2 ft. eccentric : 

Determine eccentricity of total load (base H- applied load) : 

T30 

Wt. of base x 10 x 8 x 2 = 9*3 tons. 

2.240 

Moments about short side of base = (9*3 X 5) -f (100 X 3) = 346-5 ft. tons, 
'total load - 9-3 1- 100 109-3 tons. 

Eccentricity - 5 - - 1-83 It. (> 7;). 


p j-7 --- 2-88 tons per sci. ft. 

' 3 8(10 — 2 :: 1-83) ^ ' 

(If this lU'essure is not ])ermissil>lc the size of the base would have to be altered, 
or the relative positions of load and base re-arranged to give less eccentricity.) 

(r) 'fo iiiid the bending moment at the centre of a base 50 ft. long and 5 ft. wide, 
carrying five uneijiial jioint loads as shown in the diagram on Table^o. 17. 'I'hc loads 
(in tons) are Tl^j 50, 11% -- 45, IP3 -- 40, 11% - 35, and -- 30 ; the distances 
are 43, 2.^ = - 37, -- 28, -- 18, and Zg — 5 ft. Thus IJIV =- 200 and ZWz 

{50 '< ^ 5 ) 1 (45 ' 37) I ()<' '< .^ 8 ) -h (35 X i«) + (30 X 5) = 5,815, 

c - — — - - 4-075 ft. and IS < — == 8J ft. 

2,000 2 b 

6 X. 4-073 

h 1 ± — = 1-489 and 0-3.1. 


. • 1-489 X 200 

Maximum pressure : ^ ^ — 


T-iq tons per sq ft. 


. 0-311 X 200 

Minimum pressure: p., ' ^ o-^i ,, ,, ,, 

At the middle of the base a 23 ft, 

.*. px — ^*41) + <>*4T ^ ton per sq. ft. 

Also -- 20, A.', ^ 12, and at;, = 3 ^ 

EWx ^ IPd'i -1 lF2'r2 T IFgATg = i.ooo -h 540 H- 120 1,660. 

B.M. at x.x. 

232 

1,660 — (2 X 1-19 + 0-80) - 1,660 — 331 — 1,329 ft. tons. 

The B.M. at other sections could be found in a similar manner. 



FOUNDATIONS . 


TABLE N«I 7 . 


^PE PRESSURES ON GROUND. 


NATVRE OF GROUND 


SAFE FRSftEURE 


Mud, muoov cuavs, etc. I O to 


ife tb ^ 


alluviau earth 


ARTIFICIAU FlUUNG 


OLAV - SOFT 




ALL ERIC liVvtoRK IN P. C- MORTAR. 


All safe BEARINO PAESEUREE 
AiVEN IN TONE PER EQ. FOOT. 


MINIMUM DEPTM OF FOUNDATION LEVEL 

EELOw natural. Surface to prevent 
SPEWING 

. PgBSauft EV^ 

^WT. PER CU. FT. / • 

56 1 TABue N® 5 FOR VALUES OF 
I — Sin O 


WHEN MINIMUM DEPTHS TAEULATED AEE 
EifCECOEo . Extra safe pressure » 

EXTRA DEPTH yt WT, PER CU. FT, 

FOR ECCENTRIC LOADS, MAV. SAFE PRESSURE 
:s 1*1 X TABULATED PRESSURES • 


PRESSURES UNDER FOUNDATIONS. 


INTENSITV OF PRESSURE 


L X breadth 


ilL 

z 
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EXAMPLES OF USE OF TABLE No. i8. 

{a) To design a base for a 15-in. square column carrying 60 tons, (i) with ground 
pressure not exceeding 4 tons per sq. ft., (ii) with ground pressure not exceeding 
tons per sq. ft. 

(i) Adopt type (a) : 

B y / 14 4 X 60 29 4 in. ; say, reinforced concrete footing 30 in. squaie 

d 4-67 X bo^“ — = ^4 I reinforced concrete footing 15 in. deep. 

45 in. Satisfactory. 


15 3 ^^ 

Check : B 15 -1- (2 x 15) 


A ;(> A = 4^*5, say, mass concrete base 48 in. £:quare. 

^ 4 

D ^ 7 X “ ^^2) ^ ^*4 » mass concrete base 18 in. thick (min.). 

Check: ^j> 30 (2 x 18) -- 66 in. Satisfactory. 

(ii) Adopt type (b) : 

A ^ 77 » say, 6-ft. 6-in. square. ^ 


" - 78 “ 


4-67 X 60/ 


For punching shear : D }|> 
60 X 78 


B.M. on x.x. 


24 


( — ~ - — 0192) — 18 in. 
\0192 / 

(2 o i92)(i — 0*192)2 - 281 in. tons. 


NOTES, 


Independent Bases, Types {b) and (c). 

The resistance moment and area of steel required for these types of bases and 
similar types where the base is uniform in thickness, can be determined from the 
following formulai . 

If di — maximum effective depth (inches). 
d^ minimum effective depth (inches). 

Q resistance moment factor (see 'J'able No. 27). 

K.M. Qd,^[c -f 

where H ^ {A — 6’ + 2i/j)(i -|- ^')®- 

For bases of uniform thickness, R.M. -- — F 

For all bases, the total area of the reinfonement is found from 
^ ' 2240 (B.M. on x.x.) 

Ax V'T" 

a^d^t 

where t — allowable tensile stress. 

a^ — lever arm factor (see Table No. 27). 

== d^ if 80 per cent, of the reinforcement is placed in a band of 
width equal to C -f 2^1 placed symmetrically under the column, or if Qdi^C is not less 
than the applied B.M. If all the reinforcement is uniformly spaced throughout the 
width of the base, then 

M+C)]^ 


dz 'zA 

4- C + 2ifi. 


zA 


or for bases of uniform thickness dn ^ 

When A'j^C A- '2di bending moments can be neglected and only nominal reinforcement 
provided. 

The foregoing expressions can be readily modified to apply to a rectangular base. 



FOUNDATIONS . 





TABLE N?l« 

INOCPENOENT &ASeS WITH 

COHCENTRIC 

LOADS . 




1 ^ 

1 

1 ^ 

I- 



w 

J 


1 1 LIOHT 

A ^REINFORCEMENJ,.^-'’*^ 

-bI .-s:£__ 

1 

1 

“Z: 






ALL OtMGN&tONlS iN INCHES. 

W LOAD rsaoM COCUIMN IN “TtoNlS , 
Wft « WCl&HT OF RACE »N TONE, 



p =: SAP£ BEACZinO Pl?CSSuQe OIN aPOUNO IN lONC PCQ P*!. 

(o') f*’) I 

J I 1 _1 J- I- 1 J^+I^ . „ I44C>^+W6) 

6 < J i 4«4 w>C+2d A-«fl2<p Aa«^ ^ 

w i>-5-t'20 &• M. ON x.x, IN inch'Tns:- B.m. on x.x.tN inch-tns; 


d 4 4*«>7W - -fi) 

D 7w ^"fe ” fi) 


!^(2 + rXi-r) 


!^C2 + rXl-R) 


o4 p) 0 4 q‘5s ^ 'c^I) 


CONTINUOUS 



BALANCED rOUNOATlONS , 




MASS OONCffETE PiEgS , MiX A . 

C^auA gg) 

^ I C 4 J '4 • 4 w 

k c -J ^ V 

B C ^ 

^ 4> A<i7^^ >6-*- 20 

ip-ls. U/WCC6 Wy = W ■*• WT. CFPifie 

D - 7 W-r 


( Moments and reactions oue to oeao v«yT. op 

SEAM TO 6E allowed fax IN ADOITION.^ 

MIN. anchorage WT, »= ; P wf It 

P, ss *-|) Ls I 

' L2 eases to taxe p^crc, i 

, - w. ,t, “:;^:rgr. 4 Ao.- 
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EXAMPLES OF USE OF TAJiLE No. 19. 

(a) To lind the safe load on a pile 40 ft. long, 14 in. square, driven down to a 

graved bed. Driving record as follows : 2 tons single acting steam hammer dropping 

42 in. ; 12 blows per final inch of penetration ; weight of helmet, dolly, and stationary 

part of hammer - J ton ; dolly in good condition at end of driving ; weight of 

40 X 1 96 Pa 

pile -- 32 i 3J + I " 4 tons ; = - - 2 : 

^ 2,240 < 2 ‘t ’ zv 2 

(i) By Dutch Pormiila : 

P 

Lrom 1 able No. 19 with - - 2 and iv -- 2, safe load miiv be from 
w ^ 

.^o to Go tons for fin - 360. Adopting lower value with dolly in good 
condition, Jin - 42 x 1 2 -= 501, and allowing for jo per cent, increase 

504 

due to type of hammer, safe load - 40 X i-i =49 tons. 

(11) By IJilcy I''ormiila : 

ICffective drop II ^ 090 x 42 38 in. 


Vnv 


0 - 37 - 


lu)r nu'diimi driving, c 
Settlement load 


o 295 for ~ 40 ft. 


(Cheek : driving ])ressure - 


2 y 38 0-37 y 12 

1 1 0-295 ' 

79-5 ' 

j 

ICasy driving - 500 lb per sq. in 

Medium ,, -- 1,000 ,, ,, ,, 

Hard ,, - 1,500 

Very hard „ 2,000 ,, ,, ,, ) 

5 


P ^ -1 T 73-5 4 t) - 79-5 tons 
^.'-240 

-- 910 lb. 


Safe load - s«iy 


- 40 tons. 


Hence by two different formula' the safe load seems to be between 40 and 50 tons. 

(b) To iind the safe load on a J5-in sipiare pile driven 40 ft. into firm mud with- 
out finding any harder strata : 

Hy Rhode formula ; A’l - 0 0001 ; h., 0 021 

B -- ]) 15 in. 

Safe load 4 o[(o-ooot y 40 30) 1 0-021] ^ 5-64 tons, say, 6 tons 

exclusive of weight of pile. 

(r) To find safe load on same pile as in (h) if bearing on wet clay : 

/ig (applicable to material driven through) - 0-015 
/f4 (applicable to material founded upon) =- 0-023 

W ^ (40 X 0-015 X 30) 1 - (0-023 --5) -3 tons including weight of 

pile. 


NOTES. 

In all pile loading calculations it must be remembered that a formula can only 
pretend to give comparative values that must be combined with the results of tests 
and experience when assessing the .safe load to which a given pile, driven under 
certain conditions, can be subjected. 



PILES . 


DUTCH FOBMULA • 


SAFE LOAD 


U> Hn 
C(P’^LO) 


TABLE. N9 W;' 




U3 « WEIGHT OF IN 'TONS . H - DQOP OF MIkMMER IN INCHES. 

P • WEIGHT OF Plus , HSLMET^ ETC . H NOMSBR OP SLOWS FCR INCH PENETRATION* 


VALUES OF W FOR H • lO AND H • 30** (tons) MAX' 


(jJ I ^ TON. ^ TON. 


MIN. MAX. MIN. MAX. MlN. MAX* MlN. MAX. MlN. I MAX. I MIN. I MAX. I MIN. 



40 

IBS 

120 

72 

lod 

46 

GO 

4o 

60 

51 

77 

68 

45 

G6 

60 

4o 

60 

52 

5G 

54 

48 


use MAXIMUM VALUE |P NO HELMET IS USED 0« IP OOLLV IS OESTROVCO AT END OP ORIVINO . 

Minimum value ip oollv and pacxing ace in good condition at end of driving . 

TABULATED VALUES X HO 

Foe other values of n ano h i— w * ^c>0 

VALUES OP WCAN BE INCREASED SV lO% IP SINGLE ACTING STEAM HAMMER IS EMPLOVEO , 


SAFE LOAD 


6eTTLeMeNT load 


+ a; + P 


h\ley formula, OJ H.en .... 

“"(MOOlFlEf!^ 6eTTLeMeNT LOAD « c n + ^ + P 

Safe load « to (for signification of a)| n, and P see above J 

(lOWCR factor of SAFE tv A^OCIATEO wm* tiAE.OCR. ORlVlN<; ) 

VAUUEB OF effective DROP (H.) PREELV FALLING DROP HAMMER « 1*00 

Actual drop Single acting stbam hammer -qo 

WINCH OPBRATEO DROP HAMMER ■■ • gO 


- 53 -44 • 37 


Actual drop 


EFFICIENCV OF BLOW - « I • 


LENGTH OP PILE 


VALUES OF C 
TEMPORARY 
Elastic 
COM FREES ION 
FACTOR. 


EBSEEBBS 

■RTVQJUQM 

mll-Saiffl 


tabulated values are minimum 

I And Assume oollv and packing 

•170 •}5S *200 IN GOOD CONDITION « ANO gravel 

SOIL . 

•245 • 525 •ZSS RSB MEDIUM driving ado 


265 I -525 *370 -416 •4G0 


•345 *455 •SIS I -575 | •SSS 


PO.CCLAVSOIL *05^1 

FOR SOFT ANO PEATV SOIL * 20 


PgiCTlON PILES , (rectangular SECTION S eVo") 

CO CONSiBTENTLV SOFT MATERIAL 

(li) TVICOOGH SOFT MATERIAL AND BEARING ON SOMEWHAT 
FittMER STRATA , 

. , * . (aoapteo^from 

w *■ + k^ao A-HUNTEr) 

EMBBOOEO LENGTH OF PILE IN PBET. 


• ^TO’GiVE MINIMUM 

POINTS OF SUSPENSION ' moments; 

I- ■ * 7 , ij- *f» * 24 ^^ SINGLE POINT 

; LIFTING, 


VALUES OF FACTORS 


ki 


TYPE OF 
GROUND 


mMB i 


I COARSE SANO 
I OR gravel 


ki 

ks 

- 

.012 

•021 

BBI 

•o4i 

•016 


•053 

3Eil 

•043 


L.«| DOUEcE Point 
; lifting 
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EXAMPLES OF USE OF TABLE No. 20. 


(a) To design a retaining wall (Type a) for the following conditions : 

A = 10 ft. ; H — 12 ft. 

Po = 2,000 lb. per ft. run of wall. 2 — 3 ft. 6 in. 

P 2,150 „ „ .. y = 5 ft. 3 in. 

Weight of earth — 100 lb. per cb. ft. ; surcharge — 224 lb. per sq. ft. 

B.M. at A. A. — 2,000 X 3 ft. 6 in. = 7,000 ft. lb. 84,000 in. lb. 

From Table No. 31, stresses 16,000 and 600, a suitable section for tlie wall stem 
would be 10 in. Therefore stem of wall a,t A A and base of wall at edge of 
haunches would be 10 in. thick tapering down to 6 in. 

Assumes L ~ 6 ft. and toe projects 6 in. in front of wall face. 

To determine W and x (by moments about toe of wall) : 

Wall stem : ii ft. 2 in. y qo av. 1,070 lb. x 1 ft, = 1,070 ft. lb. 

Wall base : 6 ft. x 96 a v. 576 ,, x 2 ft. 6 in. = 1,440 ,, 

Haunches : say ^ 70 ,, X i ft. = 70 ,, 

ICarth : 4 ft. 8 in. by ii ft. 4 in. x 100-^ ,, x 3 ft. 8 in. c- 19,400 ,, 

Surcharge : 4 ft 8 in. x 224 1,045 ,, x 3 ft. 8 in = 3,840 „ 


IV - 8,061 lb. 


Stability : — x 




2S.820 

X ^ — 

8,oOl 

2.T5o_x 5^ _ 

' 8,001' 


-- 

1 ft. 


ft. 

Satisfactory. 


Wx = 25,820 ft. lb. 


Sliding : — IF <j' 375 y 2,150 — 8,060 lb. 


Ground Pressure : — e — 


2,150 X 5 ft. 3 in 
8,061 


Satisfactory. 

, 6 

1 ■ ' 3-2 --= I *20 


Oe -- 1-2 X 6 -- 7-2 which is greater than L 6 ft. 
IVr ai)])n)pri}ite formula given on Table No. 17 


4 X 8,001 

^ ~ 3 X I ((> — 2 X 1 2) 

Max. jiress - - 1*32 ton per sq. ft. 

(h) To design a sheet pile wall 12 ft high, freely cantilevering, w'ith angle of repose of 
material - - 35 deg. : 


Here II 12 ft. 0 = 35 deg. 

Hence — 1*4, Aa t o 

Driven length of pile -- 10 x 12 12 ft. 

'total length of pile 12 -| 12 24 ft. 

Sjian of sheeting for purpo.se of calculating bending moment — 7^ = i«4 X 12 — 
i6-8 ft. 

'J'hc pressures in front of and behind the wall, and the point of application of 
these pressures can be computcid as indicated on Table No. 5. Having calculated 
the moments, suitable sections can be determined fr m Chapter XI or Table No. 31. 

(f) To determine the moments and forces in the walls of a cylindrical water tank 20 ft. 
in diameter, 30 ft. deep, with walls 10 in. thick at bottom ; 

Here D -- 20 ft. ; II ~ 30 ft. ; d 0-83 ft. ; w -- 62-4 lb. per cb. ft. 


With 


H 

h 


2.° 

20 



.30 

083 


= 30 ; 


F - 0-003 ; K = 0-20. 

B M. (vertical) at A : B.M. = 0-003 x 62-4 x 30® = 5,050 ft. lb. 
l^osition of point of maximum ring tension : L — 0-20 x 30 — 6 ft. from bottom. 
Max. ring tension — 0-5 x 62-4 X 30 X 20(1 -* 0-20) = 15,000 lb. per ft. height 
of w%iil. 

Horizontal steel (and concrete thickness) would be determined in accordance with for- 
mulae given in Chapter VH, and vertical steel at bottom in accordance with methods given 
in Chapter XL 



RETAINING WALL5 & TANK WALLS 


CANTILEVER RETAINING WALLS- 




sTAainTv : 


Tvpev(o) type (b) 


TA 6 LE N ?20 


fpoe CALCULATION OF «AgTH 
r>««&&UI7K« se& TAOLC. NfiS). 


resultant of all ACTlVt 

HORIZONTAL PRCSSUHE5. 


HORIZONTAL PRESSURES ACTING 
ON STEM OF WALL ASOVE A.A. 


- P UNITS*- 

FORCES . ....L6S. 
wei&HTS .... LOS. 
M Dimensions . . feet 

B.M's. ... FT.LSS. 

(formulae are per 

- UNIT len&th of wall) 


W = resultant of all vertical loads 

ON WALL iNCLUOlNfi WT. OF STEM ANO 
BASEf ANO EARTH ON BASE , SURCHARGE , 

ETC. 


Sliding: applicable to designs omitting riB Shown in (b). W <t 3*7SP 

GROUND pressure: ^ s-ECCENTRlClTV OF COMBINED P AND W = ^ — X- 

Substitute c in appropriate formula given on table Nft 17. 


BENDING MOMENT 1 AT A.A. — Z 


SHCET PILE WALLS 



condition 

AT A 



0 

FREE 1 

HINGED 

1 FIXED 


ki 

kz 

ki ka 

k, 

k? 

20“ 

7*0 

2*0 

1*75 1*75 

1*11 

1*11 

30“ 

1-5 

1-3 

1*08 *68 

1*07 

•67 

35 ^ 

1 *4 

1 • 0 

1*07 *07 

1*0G 

•&c» 

45® 

1*3 

•B 

l*0G *50 

1*05 

•55 


SPAN OF SWEETING FOR 

moment calculation ^ 

J =k, H. 


MINIMUM embedded 
LENGTH OF SHEETMWq 


=rh 


0 * ANGLE OF REPOSE OF EARTH IN FRONT OF SHEETING . 

TABULATED VALUES ASSUME APPROX . TRIANGULAR.LY DISTRIBUTED PRESSURES. 


/Point of 

B.M. 


RESTRAINT AT BASE OF WALLS OF CVLINDRlCAL TANKS. 


factors 


H/d 


*1 *075 "OAl »0S& *028 - - ^ i\ = 

*2 | [»04fe >026 *022 *015 - * 50* *45 »4o I J = 

-r|Q [[■0^ *01^ •O'O *55 *4S *38 »S5 |/ = 

•4 11*024 -014 *OlO -007 *50 *34 *35 *30 m A r ^ 

y_ " ' H ' — - — — ■ — — __ ■* f K— 

O *5 ||*020 *012 *004 -000 -45 -37 -52 -27 ^units: FEE' 


O - DIA. OF tank . 

H * DEPTH OF TANK. 

d * WALL THICKNESS 

AT A. 

T Ci) = WT. PER Carr. OF 

t contained liquid 


(units: feet and lbs.) 

M. AT A: M« FloH^ 


ul 1*0 *012 'OO G *005 *003 [I >37 *26 *24 *21 B-M. AT A*. M « F to H ^ 

< 2*0||*00G *0O5 *002 *0O2||*30 *22 *14 • IG MAX. RiNG TtNSiON 1 T = *503 H- Q ( I — K) 

• 17-14 position OF max.ring tension: L®KH. 


1 1 iUiU 
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REINFORCED CONCRETE DESIGNERS’ HANDBOOK 


EXAMPLE OF USE OF TABLE No. 21. 

(a) A single rectangular cell measuring in the clear 12 ft. 9 in. by 10 ft. 6 in. 
without cross walls or ties, and subject to a uniform horizontal pressure of 200 lb. 
per sq. ft. at a given depth ; to find the maximum moments and horizontal direct 
tensions at tlie given depth, assuming the walls span horizontally : 

Assuming the walls arc 6 in. thick, the effective spans of the walls will 

B 13*25 

be 1 3 ft. 3 in. an 1 ii ft. ; hence 7;- = 1-2. 

^ ^ » D ii-o 

k ^9*7 (approx.) from Table. 

B ] ) 200 X II® 

A/, - B.M. at corners - — __ 2,500 ft. lb. 

‘ k 97 

. 200 X II® r 

hrcc moment in D — — — 3,025 ff- Id* 

o 

Less corner moment -- 2,500 ,, 

Positive B M. at mid-span of D = 525 ,, * 


,, ^ w 13 •25“ 

rrce moment in B — 

o 

Less corner moment 


Positive B M. at mid-span of B 

Direct tension in sliort side 
PB 


-- 4,390 ft. lb. 
- 2,500 

1,890 


- 0 5 X 200 X 1275 -- t, 275 lb. per ft. 

Direct tension in long side 

- 0*5 X 200 X 10-5 3 , <^50 lb. per ft. 

The appropriate moments and tensions would be combined as described in 
Chapter XIV. 


NOTES, 



MOMENTS IN BIN WALLS. TABLE N®Zl 

fwITW UNIFORM HORIIONTAL PKtSSUM (P) AT ANYOMH DCPTM). 


BENDINCi MOMENTS. 




rORM OF BIN 



BENOINGi MOMENT COEEFICIENTS k I 

roRMUU^. 


M . p ( dVsd^b-b^ 




M.- P6d>6dW) 



16 

14-J 

12 

iO'l 

<P 

do 

12 

19-2 

15-4 

- 1 

12 

11-2 

11-6 

12 

oo 

! 

15-1 

12 



Pft „ PB 
60 — 



p _PB ^ Mz-Ms 
® 2 B 


D PD Me- M l 
•'0 


22-2 12 7-8 4-8 5 S 2-67 ^ ^ 


192 


11-5 ll-SfllZ 12-5 


15-4 1410 12 9-8 




M 12 



“ 2 B 

0 (END span;- 
PD . Mi-Mi 


M i|B||2gggQ^^g 

mmBtm 



11-61 12 12-6 14 - 11 16-71 20 


16 14-8 12 9-68 6-86 


60 ^0 12 8-1 5-12 5-5 


NOTE : - 

In addition -to 6ms, these Values apply to continuous spans, where iNoermiTC 

CONTINUITT , IN SIMILAR SEQUENCE , OCCURS. 
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REINFORCED CONCRETE DESIGNERS' HANDBOOK 


EXAMPLES OF USE OF TABLE No. 22. 


(a) For an example of the design of hopper bottoms see the typical examples 
given in the pages following Table No. 40. 

{b) To determine the principal forces on the bottom of a “ balanced " cylindrical 
tank (i.e. Intze type), given the following data : 

D 40 ft. : d -= 25 ft. : =--^ 48 deg. ; 0 --=^ 40 deg. 

Wi — 582,000 lb. IF2 == ^39,000 lb. 1^3 - 296,000 lb. 

From Table No. 10; coscc 0 ^ -- 1-55 ; cot 0 = 1*192 

' sm O 


cot <l> 0*900. 


Vertical shear along perii)hcry of domed portion ~ 


582,000 

25 


= 7i4«o 


lb. per ft. run. 

Thrust at pcripliery of domed portion -- Tj - 7,400 x 1*55 — 11,450 lb. 
per ft. run. 

I'he values ot Fi and determine the thickness of the dome at the springing (sec 
Chapter VII). 

Outward Jiorizontal thrust on ring bc.am at /? from dome 7,400 x 

1-192 -- 8,820 lb. per ft. , 

Shear per foot along inner ])eriphery of conical portion 




639,000 I 296,000 

3T4 ' ^5 


11,900 lb. per ft. 


Inward thrust on ring beam at /i from conical section ~ P,^ - 11,900 x 0-900 
- 10,700 lb. per ft. 

. d 

Resultant circumferential force m ring beam at IJ ~ ~ ^ ^ ^ 

(8,820 — 10,700) thrust of 23,500 lb. 

(If Pi exceed P^, this circumferential force would bo tensile ; the ideal case is 
for Pi and P.^ to be equal, thereby producing zero force in B — sec note below.) 

Shear per foot along outer periphery of conical portion = F^ ~ 

3'i4 ^ 4^ 

--- 2,350 lb. ])er ft. 

Outward tliruston ring beam at top of conical portion = P3 -- 2,350 x 0-900 
^ 2,120 lb. per ft. 

Ring tension in be^im at top of conical section — 0-5 x 40 x 2,120 = 42,400 
lb. 


Vertical walls must be reinforced for ring tension due to the horizontal pressure 
62-4/1/1 

of water ; ring tension — - lb. where h head jf water at section considered. 


Conical portion, must be reinforced to take a .similar ring tension, and this steel 
can cither be distributed throughout the height of the conical section, or be concen- 
trated in the ring beams at the top and bottom of the section. 


NOTES. 

In large diameter Intze type tanks, the width of ring beam b may be considerable, 
in which case the weight of water immediately above the beam should not be considered 
as contributing to the forces on the dome and conical portion. With a wide beam, for 
the dome calculations 

IVi weight of contents over the net area of the dome. 

(1 ~ internal diameter of ring beam, 
and for the conical portion 

IF2 ^ ^ weight of contents over the net area of the cone. 
d — external diameter of ring beam. 

If this adjustment were made for a ring beam of reasonable width in Example (6) above, 
Pi would balance P^. 



50TT0MS or BUNKER5 & TANK!). table N -22 


HOPPER 

BOTTOMSi 



: ^ 

L 

S 

' V 

^-«h 



T 

L 


why 


01 « WT, PfiQ CU.FT. Of fItLINQ. 

0 ) 5 WT. OP SLAft PER Sa.PT. 

INTeNBiTV Of PR««SURK NORMAL TO SLAftt- 

Wh (k^SlN^O + COS^O) + 4i)^ COS d 

(^SCE TAELt N«5 FOR VALUES OF \c^) 

Wj sr o) + ID j -h Jab. I d,) + Id, h] + 0)1 

W = «*> j^-l^ob + LB +Jab. L5 ) + L6n]+iJi 

to I * WT. OF BOTTOM BELOW LEVEL C . 



I v^rL_:\ 



OETEftMINATION OF HORIZONTAL STEEL AT MIOSPAN 
and CORNERS , ^9 

B.M. = •375T> tN.LBS/FT, 

DIRECT TENSION s -Sf^SIN oIlBS/PT. 


determination of longitudinal STEEL t- 


at centre of slope : 

6.M. = *375 I^D IN. lbs/ft. 

\/s/| 

Direct tension = — 

2 SIN eQ+iV 

AT TOP OF SLOPE i 

B.M. = 'STSp^O^ in.LBS/ft. 

Direct tension » — ^ 

2 5IN0(L+ 5) 


Direct tension 


VERTICAL HANGING - UP FORCE AT BASE OP WALLS 
:= - 7 - ^ . LBS./PT. 

2(Li-e>) 


0Q\A\<LfK\^ BOTTOMS OF CVLINDJ2ICAL TANKS. 


(UNITS 

fEBT feLBS.) 




.W| = WT. OF CONTENTS ABOVE DOME INCLUDING WT. OF DOME. 

Wl 

SHBAR PER FT. = F, * 3., 4 gj 

THRUST PER FT. AT PERIPHERY OF DOME = = F, COSEC. 6 . 

P| = f; COT. 0 RiN^ TENSION IN BEAM AT A| = -IGW, COT.0. 

W| AS ABOVE. , 

- vvt. OF contents in portion above cone 

including WT. OF CONE. 

W 3 * WT. OF WALLS ETC. AND ALL LOADS FROM ROOf^ ETC. 

CARRIED BY WALLS. 

VALUES OF F, , T, ANO Pj AS ABOVE. 

F — ^ 2 -^ p . W3 

2 "■ 5-14 d *"5"3H4 0 

1^ - COT. <}>. P 5 * F^COT. <P 

RING TENSION IN BEAM AT B t = * 5 d ( P| " P 2 ) 

(f 2 l expressed in LBS. PER FOOT.j 

P| / « 

(ideal case : ff = 



2I8 


REINFORCED CONCRETE DESIGNERS' HANDBOOK 


NOTES. 



CONCRETE 


DESIGNATION 


TABLE NS. 23. 


MIXB MIXC MIXD MIXEIMIXF 


MIX A 



APPPOX IMATC 
VOI-UN^BTRIC 
PROPORTIONS • 


CftNieiMT. 


FINE A 66 REGATe. 


COARSE AGGREGATE. 


I -S-G 


112 


3 *75 


7' 50 


7 


400 


l-ZVfe-S I • 2-4 l-lH-Sli I - I • 2 


112 112 112 112 112 |l3S. 


3-10 2-5 2-07 l-CG I-2G IcU.PT. 


3-72 2*50 cu.nr. 



700 

750 

300 

375 

eoo 

650 

675 

750 

60 

63 

65 

70 

120 

125 

130 

140 

160 

|90 

195 

210 



oioeor TCNsiorsi. 

(reinforced) . 




COEFFICIENT OF LINEAR 
expand lOlN . 



MIXE5 AND 5LUMP TEST VALUES FOR VARIOUS USES . 


DESCRIPTION . Miy. 


GENERAL C C WDQK 
Beams, 
slabs . 

IVALLS . 

^UN^ERS silos. Ell:, 
RENOEREO TANKS. 
MON-RENDEREOlANkS 
STEPS . 

R.C. FOUNDS . 
CONCRETE OEPOSTEO 
UNDER WATER. 



description . MIX. 


MASS CONCRETE 


A 

A 

5 


Ao«b 5" TO 5" 
A 

OoBE S^TOS” 


Bridge vvork. 

ARCHES . 


LONG SPANS. 



DESCRIPTION . Mix 


gpAos : Founds. 
Bottom laver . 

SURFACING . 

Single later . 

NON-^URFACEO. 

ROOF SLABS . 
GROUND SLABS. 

Columns: lowuoao 
MED. LOAD. 
HIGH LOAD. I 



PERCENTAGE VARIATION Of STRENGTH WITH AGE. . 


Ase Call mixes) . 


iiilill 


HORIZONTAL PRESSURE 
OF WET CONCRETE . 




22 5 d ^5 GO G 6 74 ^5 lOO 115 


4^ ed 77 67 92 97 lOO 


Aluminous cement. 


HEAD 

— 

uPtd 5' 

1 l40 LBS. 

PER 50. FT. 

EKnm 

Ean 

DDD 

lO' TO 20' 

lOO " 

II II II 

isBjisg 

75 - 

If H II 

DECREASE PRESSURES FOR OCV 
MIXES AND HARROW WIDTHS . 
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REINFORCED CONCRETE DESIGNERS’ HANDBOOK 


NOTES. 



REINrOI?CEMENT ADHESION 


TA5LtN?24. 


MINIMUM LAP LeiMeiTHS. fnENfilON) 


("ACC ALftO CHAP. S ) 



VA.LUES IN e»PACK’ET5 REPES TO STPE&aES NOT ALLOI/VED &Y CURRENT L-C.C RCqULATlON6. 


Minimum lap length for compression! N «24; when STRESS ><?,g»OOsN» 


STANDARD BENDING DIMENSIONS . 


ONLY DIMENSIONS A, 

HS»L NEED &E EnTEREQ 
ON 6ENOINO SCHEDULE . 
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REINFORCED CONCRETE DESIGNERS* HANDBOOK 


EXAMPLES OF USE OF TABLE No. 25. 

(a) To select suitable reinforcement for a beam requiring 7*42 sq. in. of steel. 
Width of beam = to in. : 

10 

Maximum number of bars in a single layer - — ^ — 4. 

From Table, four T.i-in. bars 707 sq. in. which is insufficient; hence most suit- 
able number of bars may be 6 ; that is, 4 in bottom layer and 2 in second l.iyer 
Six il-in. bars = 7*30 sq. in. which .should be .satisfactory. 

If the area must equal or exceed 7 4 2 s(^. in., use 
'J'hrcc J J-in bars in bottom layer 5-30 sq. in. 

'J'lirec i-in. bars in top layer - 2-3() ,, 

7()h ,, 

(h) 'I'o select suitable reinforcement for a .s(]uarc column icquiring 3-06 sq.in. 
Wc four ]-in bars - 3-] 4 sq in. ^ 

or eight :?-in. bars ^ 3-53 sq. in. 

'I'he i-in bais would be more economical, but si/e of column may necessitate 
S bars. 

(c) 'fo select suitable reinforcement for a 6-m. slali rerpiiring 0*4 sq. in. of steel 
per foot width. * 

With maximum spacing : -'‘-in. bars at q-in. centres 0-409 sq. in. 

With mimmiim si/e bar J-in. bars at 3-in centres - 0-442 ,, 

Most economical and practicable would be an intermediate diameter and spacing, 
say, J“in bars at t)-in centres t)-3()3 sq in. * 


NOTES. 



FT. WIDTH FOR VAglOUS SPA^^tlN&S » || AREAS FOR GIVEN NUMBER OF BARS 


REINFORCEMENT - AREAS 0ns*) 


TABLE rM«25 




0-028 


V 


0*077 0*1 10 OMBO 


0*501 


0-451 


0*001 


0*552 0*762 


Ve' 


0*307 0*442 


0 5 flS 23 SE 3 i 2 SB 3 i Sffli 

□ 

B 

3 E 3 BS 33 ES 2 S 3 SES BESS 


HSBI BECT 


0*637 0*775 


0*640 0*004 


1*104 


0*55( 

0*684 

0-5S4 

0*636 


BE 

nas! 


0*420 I* 526 


1*436 


1*074 1*547 


1*151 1*657 


r* 227 1*768 


1*304 h*B78 


2*66 


2*71 


2*56 


5*01 


0*601 


0*265 0*370 0*515 0-675 


|o*Z5ob*53l 0*451 b*58q 


P*Zo6|o*205b*40l b*S24 


1*457 2*10 


1*525 


1*767 


: 1-554 2*21 


1*84/ 2*65 


2*15 3*04 


2*46 3*55 


2*76 3*48 


3*07 4*42 


3*57 4*56 


3*68 5-50 


3-44 6*74 


14*50 6*l4 


|4*60 6*65 


4-41 7*07 


6*22 7*5r 


7*46 


5*85 8*34 


0*60t 0*785 


l•67^ 


2*56 


2*41 5*14 


5*01 5*45 


5*61 4*71 


5*50 


4*81 |6*28 


7*07 


6*01 |7*85 


7*22 4*42 


7-62 /0*2I 


6*42 ff*0O 


4*02 hf*78 


4*62 f2*57 


fO*22 15*55 


1*227 1*464 


2*45 


5-68 


4*41 


6*14 


7*36 


8*54 


4*82 


(1*04 


12*27 


15*50 


(4*75 


15*45 


17*16 


18-41 


(4-64 


20*86 26*24 30*04 


IB 

imi 

IQQ30 

\mi 

IDSE9ESE9 

IBE 

lOESE 

j HSBl f 


Baffin ntf?Hi 


BE 

mi 

BE 

mi 


0*361 0*471 


O* 107 |o*Z4l 0*528 0*426 


0*301 0*545 


1*227 1*767 


1*052 1*515 


1*525 


1*178 


1*060 


0-66Rp*464 


3*142 


2*06 2*64 


(•804 2*556 


(*6041 2*04 


GENERAL DATA 


OiA. 


PERI- WT. MtTffiC 


INS. INS. 


D 

E2S 


(•571 


(*fiO 1*450 


• 46 


5/8" I* (6 


M.M. 


•584 I *04414-76 


786 *167 6-55 


7*44 


4*52 


0*047 

0*064 

0*151 

0*164 

0*250 


m\ 

0*757 

(•05/ 

l•34fei 

msffi 

mm 

(•37 

IB^TlIBHi 

0-044 

0*074 

0*123 

0*177 1 

0*241 

0*5(4 

0*707 


(•57 

IBSSII 

12*7 



0’l66p-2l2 0*277 


0*102 p*l47 


0-062 10*047 


ES 

0 

^ SSEI^3 ^^23 BB^3 


0*624 0*844 h*loq 


0*ldor|o*236 


0*?72 0*224 


0*0770*1 lO p-r50 10*146 


0*584 0*802 (*047 


0*656 0*760 b*402 1 /" I 3 *14 


0*550 Io*722|o*442| |3-54 


W 3*42 


0*482 Io*65do-857 iVe" 4*31 


0*442 lo* 60 l 0*7851 l'/^" 14 -71 


2*36 1*602 14*) 


2-75 2*044 22*2 


I QQQ SEOS 3Sfi3 3S3 EECQ QSSS I 


AEE Also 

TASlE 24 -A0ME5I0N. 
TAftLE M®2€ - wekjhts. 
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REINFORCED CONCRETE DESIGNERS’ HANDBOOK 


EXAMPLES OF USE OF TABLE No. 26. 

(a) To find the weight of 13 ft. of i-in. bar : By direct reading from Table, weight 

= 3471 lb. 

{b) To find the weight of 5,673 ft. of ^-in. bar : = 5,673 x 0*667 = 3 *^^ lb. 

10,000 

(c) To find the number of tons of steel in 10,000 ft. of J-in. bar : = 67 

tons. 

(d) To estimate the weight of reinforcement in a slab having J-in. bars at 6 in. 
centres transversely and ^o-iu. bars at 15-in. centres longitudinally (bottom steel 
only). 

^-in. at 6 in. 12 02 lb. per sq. yd. 

-ft-in. at 15 in. i*88 

13-90 

Add 10 per cent, for laps, hooks, etc. = 13*90 -f 1*39 -- 15*29 lb. per sq. yd. 

Add 2 i per cent, for rolling margin == 0-38 ,, ,, ,, 

Total - 15-67 „ „ „ 

NOTES, 

'i'hc amount c^f No. 14 or i6 gauge soft-iron binding wire required in the assembly 
of reinforcement is about 5 lb jier ton of bars. 



RCNnORCEMENT - WCIGKTS aw) 


DIA. I I 'M* I ^ I I 




TABLE N« 


|J 4 ' iV 


uas. 

peafT. 


rr.Pf« 

1bii 25ftSO IMIS I ASB2 1 5475 UsM 


B 

B 

□ 

Bl 


I •261 


•160 

*554 

*202 

*601 

• 376 

*666 

•470 

•835 


0 * 667 | t * 04 S 1*502 2*044 2*670 3*574 


3350 I 2146 1 1441 1046 034 1663 


1*60 12*04 1 2*67 


3*00 4*04 6*34 


4*51 6*13 0*01 IO*l4 


0*10 10*60 15-52 


10*22 15*55 


837 1444 


6*06 


H 

— 

*650 

1*164 

1*82-7 

2*652 

3*57 

4*60 

7*30 

10*51 

D5I 

16-64 


35-54 


B 

•752 

1*356 

^ooo 

3*008 

4*08 

5*34 

B8i 

12*02 

16*35 

21*36 


40*54 

40*06 

El 

*846 

1*503 

2*544 

3*304 

4*64 

6*Ot 

<1*W1 

15*52 

lO*4o 

24*03 

HBHBB9I 

45*44 

54*07 

m 

•440 

1*670 

2*610 

3-760 

5*11 

6*60 

10*45 

15*02 

20*44 

26*70 

|55*0o|4l*72 1 

60*44 

12323 


BO 


mi 
mi 
mi 

^EEQII 

□r 

SiEEBif 

HI 

mi 
m 
mi 

BDSII 

mi 

Bl 

m\ 

ESI 

m\ 


4*512 6*15 


4*066 6-64 


5*264 7*16 


5*640 7*67 




24*55 32*04 


26*57 54*71 


26*62 57*30 47*32 


30*66140*06 150*70 


vmmffsm 

____ lESB 
IE3fflE3S 

I USB 

I CSESI ESS IS193 !hSS3 


6*342 0*64 


6*766 4*20 


16*24 


( 5*53 18*40 


11*56 17*75 25*53 54*75 45*34 57*46 


12*02 /8*77 27*04 36*74 


115*54 


24*04 37*60 54*07 |73-70 |46*I2 ||2I*68 


40*00 


210-12 


161*60 216*20 


M*60 115*72 


4*02 12*26 16*03 25*05 36*(0 44*20 64*00 01*20 


0*12 |m*01 1 14*42 22*52 52*50 44*20 157*67 |73*ZO 


I ISSI 19^5 SI^SI 09^9 


6*26 

8 * 4 '^ 

11*04 

5*60 

7*05 

10*31 

5*41 

7*56 

4*62 

5*07 

6*40 

4*02 


1*04 1 17*52 1^4*451^*67 |44*4o|S6*25 


25*17 




m 

m 

BB 

m 


1*07 

1*40 

1*02 

1*60 

0*42 

1*64 






sHsasassEsasg 


7*54 11*06 17*05 25*20 30*30 


7*22 |ri-26il6*22 22*O0|2O*0O 


14*74 


€>*02|4*54 15*52 r0*4l 24*00 130*42 




0*56 I l* 0 d I r *57 I 2 * 26 1 5 * 06 1 | 6*26 I 4*01 |l 2 * 26 | 16 * 021^*26 | 25 * 04 | 50 * 29 | 














































































































































































































































































































































































226 


REINFORCED CONCRETE DESIGNERS^ HANDBOOK 


EXAMJ^l.KS OF USE OF TABLES Nos. 27, 28, and 29. 

(See also fage facing Tabic No. 28.) 

(a) To design a rectangular beam section to take 500,000 in. lb. with maxim urn 
stresses of 17,000 and 700 lb. per sq. in. : 

500,000 

(i) From Table No. 27 ; Q - 116-7 ; hence bd^ - T167 4»28o. 

For a section with a total depth of 21 in. and 12 in. wide, 
bd'^ - 12 X 19*5'* 4,560 

17,000 

y = — ^ 24-^ ; from the Table, — 0-87. 

700 ^ ^ ' 


500,000 

lienee yl 71 - ^ ■ 

0-87 X 19 5 X 17.000 


- 173 111- 

three J-iii. b'us [Table No. 25). 
(li) Alternative method : Assume eUective depth = 19 in., for which, from 
Table No. 29, M. of R. of beam i in. wide without coinpn\ssion steel 
.^2,100 in. lb. 

, 500,000 

h ' 1 1 -9 111., sav, 12 in. wide. 

42,100 

At : li t) X 0-J50 1-78 scj. in. - three J-in. b^irs. 

'I otal de})tli of beam - 19 -j- 1*5 = 20-5 in , say, 21 in. 

Therefon- a section 21 in by 12 in. with three J-in. bars is satisfactory. 

[h] To find the ma.\'iiiiiim stresses in a rectangular section 15 in overall dejith 
(elfective de])th - 13.J in ) and 9 m. wide, reinforced in tension with two i-in. bars, 
and subject to a B M. of 200,000 in. lb. Aj, = 1-57 (Table No. 25). 

1-57 ■ JOO 

h ~ - ^ - T-29 

9 > 13*5 

From Tabic No. 27 : — 0-85 and r 18 

' 200,000 

i - — 11,100 11). i or .s(i ill. 

o «5 - >3-5 ■' i-S? 

ir.ioo 

c 617 lb per scj. m. 

(l) 'fo find the resistance moment of the section .specified in (b) if stresses arc 
not to exceed either 18,000 or 700 lb. per sq. in. 

p (as al)o\e) 1-29, <7^ - 0-85, 0-46. 

K.M. (steel) 1-57 x 18,000 x 085 x 13-5 - 324,000 in. lb. 


R.M. (comrete) - 9 x 0-46 x X 0-85 x 13*5“ ^ 224,000 in. lb. 
Hence the compressive stress controls, and maximum R M. ^ 224,000 in. lb. 


NOTES. 



I?C.CTANGULAI? BEAM PACTCC5 TABLE WZ7 

I ' ■ I ' ' —l" ' ' II ~ ' "1" ' I 


f r/^ 

NEUTEM. 

AMS 

FACTOR 

»7| 

LEVES 

ARM 

FACTOR 

i 

1 VALUES OP Q « -Sn.O.C « 1 

MAK. 

CONC. 

STRESS 

MAXIMUM STEEL STRESS = t. 1 

12 . 000 . 


15,000 

IG.OOO 

17,000 

18000 

20.000 

22,400 

5 

•75 

•75 

7-50 

500 

85*q 

77*1 

74‘t 

71-3 

68*7 

GG*3 

G2*0 

57*5 

10 

.GO 

•do 

3-00 

550 

qG*7 

8q-4 

86*4 

62* q 

80*1 

77*3 

72*5 

G7-3 

12 

•5G 

•82 

2-50 

GOO 

UO-3 

102*1 

‘18*4 

46*0 

qi*8 

88 

83*5 

78 

14 

•52 

•85 

fBG 

G50 

125-q 

115*2 

111*3 

107*7 

104*2 

100*8 

q4*q 

87*8 

15 

.50 

•85 

db 

700 

I5T*<I 

128* & 

124*4 

120*4 

IIG-7 

113 

lOG^B 

100 

l& 

•4^ 

•84 

1-52 

760 

152*5 

142*2 

137* G 

133*5 

l 2 q -2 

I2G 

n8*& 

ni*5 

17 

•47 

•84 

hse 

800 

IGG*G 

I5G-5 

151*2 

l4G-q 

I42*T 

158*5 



IB 

•4g 

•85 

l•2G 

6 S 0 

180*5 

170*5 

tG6 

IGO-5 

167 

152 

143*5 

138 

iq 

•44 

•65 

{•IG 

qoo 

iqG 

186 

179-5 

174-5 

IG8 

IG5-5 

157 

150-5 

20 

•4s 

• 8 g 

{•07 

qso' 

211*5 

20 O 

iq4 

i8q 

isq 

I7q 

170 

IG3 

21 

•42 

•BG 

•qq 

1000 

22G 

214 


203 

148 

iqs 

184 

175 

22 

•41 

•67 

•qs 

(applicab 

FORMULAE 

{for Simple bending). 

EiNFoRceo rectangular sections) 

A 

23 

•46 

•87 

•8G 

ILE TO singly R 

24 

• sq 

•87 

•80 

DEPTH OF NEUTRAL AXIS D, d « pr- ■■ H 

* ■'""FT 

OR r7| = ^Olrmp)^ 4 - .o2mp — -oimp 

LEVER ARM t- Q, d 1 — -5 * Q 

Resistance moment of tension steel R,M. * At to 

resistance moment of concrete 1 - R.M. »Cibd^ 

where Q = *50,010 

t ■= MAX. ALLOWABLE STRESS IN TENSION STEEL r « “ 

C = « « HU CONCRETE ^ C 

m =» MODULAR RATIO (tABULATEO VALUES ARC FOR Ffl » l5 ) 
d = effective DEPTH OF SECTION; b ■ BREADTH. jqO At 

p = PERCENTAGE OF TENSILE REINFORCEMENT = ' J" 

Aj = AREA OF TENSILE REINFORCEMENT. 

25 

•38 

•88 

•75 

2IS»-7 

•3G 

•88 

•475 

28 

•35 

•88 

•G3 

2 q 

•34 

•aq 

•sq 

30 

•33 

-8q 

•5G 

52 

•52 

• aq 

• So 

55 

•50 

•qo 

•45 

40 

•27 

•qi 

•34 

45 

•25 

•qz 

•28 

50 

• 25 

• q2 

•25 


NOTES ON the use OF TABLES 2Q^ fi> Z\ FOR V/ABlOUS STRESSES . 


IF SIVBN STRESSES ARE NOT TABULATED BUT HAVE ANV OF THE RATIOS GIVEN 

BELOW, MOOiFV THE APPROPRIATE RESISTANCE MOMENTS OR STEEL AREAS THUS : 


STRESS RATIO. 

20 FOR Beams:- k« (tabulated values given on table N9 26for i^poo/Qoo) 


22 * q 

FOR slabs;- 

Kl ( “ 

24*3 

FOR BEAMS 

K2 ( « 

2G*7 

FOR BEAMS 

kl ( “ 

2G-7 

FOR slabs;- 

ki ( “ 

WHERE 

1. 

Given stebl stress 


(Q>.00O 


M II II • •! 5i « iG.000/700} 

H u « « n « 17,000/100) 

H •! 1 « 26 " iG.ooo/feoo) 

H ii H “ ■ Bi ” i&,ooo/soo) 

Given steel stress 

n.ooo 


AND k 2 
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kEINJ^ORCED CONCRETE DESIGNERS* HANDBOOK 


KXAMEI.KS OF USE OF TABLES Nos. 27, 28 and 29. 

(See also page facing Table No. 27.) 

(a) To liiicl the amount of compressive and tensile reinforcement that should 
he provided in a 12-in. square section subject to a bending moment of 150,000 in. lb. ; 
maximum stresses not to exceed 16,000 and 600 lb. per sq. in. : 

From Table No 27 : 0 -95- 

K.M. of coTKTctc - 95 / 12 / 10-52 = 126,500 in. lb. 

150,000 ' 126,500 25,500 in. lb. 

i(j,ooo 


()00 


2()7 ; from Table No. 27 : a^ o-88 ; 0-36. 


Assume f 1, 

2 10 

and ))i 

»5 

(fs 

10-5 T 

5 

q in 7/j 

0-36 10-5 3-78 in. 

fr 

3 - 7 « - f 
3 - 7 « 

•5 

j.\ / 600 

5,o()0 lb per sq. in. 


23.500 

5,060 

9 

0515 S(l. 

in , say, two g-in. bars. 

», 

(<>■515 • 

1 50,000 

5 ,(jOC>) -\ (05 12 X 3-78 A 600) “ 

Ar 

1 50,000 

<)-2 16,000 

1-02 .S(| 

. in , say, tw'o J-in. bars. 


(b) Sec tion in ex.inijile (a) subject to a monKmt of 200,000 in. lb. : 

J\\y, 200,000 -- i2(),5oo 73i5<><> in. lb 

, y.bSoo 

Jr I -61 S(i in. 

5,o()o / <j 

Apj)roxnnat(‘ Ur <ri in 

200,000 

Jj, - ^ - T-37 scj in. 

16,000 <) I 

Since Jc greater than A j>, the “steel-beam theoi}' “ is ajqdicable, and 

200.000 

r Ar ^ i‘V) sq in , 

say, two i-in bars top and bottom. 

(r) 'I'o select the sha,llow(;st rectangular section to in. wide to resist a 13 M. of 

500,000 in. 11 ). with normal strcs.ses of i(),ooo and ()Oo, but il A,. A, maximum 
( omretc stress may be 800 lb. jier s(j in (that is, “ steel-beam theory “ not allowed). 

R M. per inch width 

With Ar ^ A 7’ and stresses 16,000 and 800, from Table No. 28, effective 
depth 13 in (R M 52,000) ; total depth, say, 14 in., Ar At 
ro X o-2()o 2 c)o S(]. in., say, three ij-in. bars 

[( 1 ) To select a rect.Liigiilar section to take 400,0c j in lb. without comjiression 
steel, with maMinum stresses t8,ooo and 675 lb | er sp in. 

Stress I'^itio - 26-7 ; therefore use the tabulated values given on Table 
No. 28 for 16,000 ami ()Oo ; 

18.000 

/I’l - , - 1-125. 

‘ 1 6,000 

400,000 

Therefore select a section from Tabic No. 28 to give a R.M. 

^ 1-125 

‘ 355,000 m lb 

With ellective depth 18 in., R.M. for inch = 30,800 in. lb. 


500,000 

— = 50,000 in. lb. 
10 


Hence b ^ - 


355.660 


11-5 in. 


30,800 

At 11-5 X 0-121 1-4 sq. ill. 

Therefore a suitable section would be 12 in. wide, 20 in. overall depth with three 
J-iii. bars in bottom. ^ * 



TABLE N*2d. 


RESISTANCE MOMENTS - RECT? SEAMS. 


M&IMUM STRESS IN TtNSlON STE.EL * lC>,000 LBS. PER SQ. IN. 


EFFEC- 

MAX. C « GOO lbs. per vN.'^ 

1 max. c 

= Boo 

L6S.PER IN. 

I 

0£PTH 

Ac = 


Ac 

• At 

r Ac » 

o 

Ac - 

At 

INS. 

R.M. 

At. 

1 R.M. 

at. 

II P. M. 

At. 

R.M. 

At. 

10 

fl,&4o 

•0G8 

15.000 

• lOO 

14,700 

•107 

26.000 

•200 

II 

ll,$oo 

•074 

IB. Soo 

• Its 

17.800 

• in 

56, OOO 

•250 

12 

13,700 

•061 

21 , 500 

• i28 

II 21,100 

• 128 

43,000 

•260 

19 

IGJOO 

•068 

25,500 

• 140 

24, 600 

• 154 

52,000 

•240 

14 

18,700 

•005 

50 , ooo 

• ISO 

26. 700 

* ISO 

60.000 

•520 

15 

21,400 


35.000 

• 165 

1 35. ooo 

• 160 

70.000 

•355 

IG 

24.400 

• 106 

4o. ooo 

• 175 

1 57. 600 

• ni 

do, OOO 

• 550 

17 

27. 500 

nm^m 

45,000 

• 165 

IKSBSSi 

• 182 

4o, ooo 

• 570 

IB 

|Q9EB9i 

• 121 

So, ooo 

• iqa 

47, 500 

• 1^2 

100,000 

•340 


34,500 

•120 

55,000 

•210 

55.000 

• 205 

1 10.000 

IBB; 

20 

36,100 

* 135 

61.000 

•22J 

56.600 

• 214 

122.000 

•450 

21 

42,000 

•142 

67.000 

•255 

65,000 

• 225 

154.000 

•450 

72 

4G.OOO 

•145 

75,000 

•245 

71,000 

•255 

148.000 

•475 

25 

50,000 

•156 

64.000 

• 258 

77,500 

•246 

(62,000 

•500 

24 

SG.OOO 

•IG2 

<12, 500 

• 770 

86.000 

•257 

178,000 

•625 

2S 

5^.500 

• IGO 

107,000 

• 260 

q2,ooo 

• 267 

146.000 

•560 

2G 

G4,000 

• 175 

110,000 

• 2<^0 

qp.ooo 

• 278 

215,000 

•560 

27 

feQ.ooo 

• 162 

120,000 

• 500 

107,000 

•268 

255,000 

• 610 

28 

74,500 

•la'i 

150.000 

• 510 

115,000 

• 300 

256,000 

• 640 

2^ 

fio.ooo 

• lOG 

158,000 

•326 

124. ooo 


275, OOO 

• 665 

So 

05.500 

• 2o5 

148,000 

• 540 

152,000 

• 520 

245. OOO 

•700 

31 

^7.000 

• 2 oq 

158.000 

•550 

141,000 

• 531 

520,000 

• 750 

52 

^8,000 


166.000 

•365 

150.000 

• 54i 

545,000 

•760 

35 


*222 

nq.ooo 

•375 

166,000 

• 352 

364.000 

• 740 

34 

110,000 

•220 

18^.000 

•sqo 1 

170.000 

• 365 

565. OOO 

• 615 

55 

117,000 

•23G 

200 , ooo 

•4oo 

IfiC.OOO 

•374 

415,000 

•840 

5G 

125,000 

•243 


•4i7 1 

140,000 

•585 


•675 


R.M. =» ReeiSTANCe moment in inch lbs. per one inch width or section. 

At ■» Area of tensile reinforcement in ins? Per one inch width. 

e Area of compressive Reinforcement in ins? ('values ofr. ms. 

WITH aJ = At are approximate only, as exact values depend 

_ UPON SlEE and arrangement OF BARS.) 

m s 15 * 

FOR NOTES ON THE USE OF THIS TABLE FOR OT HER STRESSES^SES TABLE NO 27» 
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lULlNVORQED CONCRETE DESIGNERS' HANDBOOK 


(For examples of 


NOTES. 

use of this Table, see pages facing Tables Nos. 27 and 28.) 



RCSISTANCC.' MOMENTS- RECT^ BEAMS. TOBLC N«?t, 


MAXIMUM STBESS «N TCNSlON STEEL = 17.000 L&S . PE*? SQ.IN . 


EPFCCTiVfi 

MA^. C 5= 700 LSSi^iN.^ 

1 MAW. c =s 850 LBS./lN? 1 

Depth 

Ac * O 

II 

0 

< 

O 

1 Ac » At 

INS. 

R. M. 

At. 

R.M. 

At. 

1 R. M. 

At. 

JO 

■nem 

•070 

IS. GOO 

• 114 


• 2i2 

II 

14, lOO 

• 067 

IS. Poo 

• 124 

36, 3oo 

• 245 

12 

i(2>, 500 

• OPS 

22. 500 

• I5G 

55, GOO 

* . 

15 

IP. 500, 

• 105 

2G. 500 

• 148 

55.300 

* 308 

14 

22. POO 

• MO 

30. 500 

• isp 

G4. OOO 

•340 

15 

.2G. 500 

• 1 18 

35. OOO 

• no 

74.200 

•39G 


50. OOO 

• I2G 

40.000 

• I8l 

85.000 

• 372 

17 

35,800 

. 154 

45.000 

• IP5 

95. 500 

•3P4 

15 

37. POO 

‘ 143 

So. 500 

* 204 

lOG . 500 

• 419 

IP 

42. lOO 

• 150 

5G.400 


in.ooo 

•435 

20 

4^.700 

• IS6 

GO. SCO 

• 227 

150.000 

• 470 

21 

51. GOO 

• IGG 

GP.lOO 

. 25q 

142.000 

.480 

22 

5G.500 

• 174 

75.200 

• 250 

IS7.000 

• 505 

25 

(«i.eoo 

• 182 

82.500 

•2G2 

172.000 

• 550 

24 

66. 5oo 

• IPO 

Pi, 500 

• 275 

I6P.OOO 

• 5G0 

25 

75.000 

• IP8 

P8, OOO 

• 285 

206,000 

• 589 

2(p 

7q.oOO 

* 205 

105.000 

• 2PG 

228.000 

• G20 

21 

85,000 

• 215 

114,000 

• 504. 

290,000 

• G50 

28 

qi.SOO 

• 221 

122,000 

• 5iP 

271,000 

• G80 

2P 

P6. 500 

• 22P 

152.000 

• 350 

282.000 

• 710 

50 

105, OOO 

• 257 

140, OOO 

• 340 

312,000 

. 745 

31 

115.000 

* 244 

150. OOO 

• 552 

540.000 

• 775 

52 

120, OOO 

• 255 

IGO.OOO 

• 5G3 

5G5,0O0 

• 810 

33 

126.000 

• 2GO 

170, OOO 

• 573 

58G.OOO 

• 840 

34 

135,000 

•2G»8 

ISO, OOO 

• 365 

4o6. OOO 

• 870 

35 

144.000 

• 27G 

iqt.OOO 

• 3PG 1 

441.000 

• 8P5 

3^ 

152,000 

• 264 

202,000 

• 410 

4G7.000 

•930 


R.M. » RfcSiSTANCE MOMENT IN INCH L&5 PER ONE INCH VViOTH OF SECTION. 


At = ^EA OP TENSILE REINFORCEMENT IN INS? PER ONE INCH WIDTH. 

Ac «• Area op compressin/e reinforcement in ins ^ ( values of 

R.MS, WITH Ac * At are APPROjOMATE onlv, as ekact values oepeno 

^ UPON SIZE AND arrangement OF EARS.) 

m as IS 'ft 

FOR NOTES ON USE OF THIS TA6LE FOR OTHER STRESSES SEE TAELg 27. 





















































































































































































232 REINP;Q!J^CED concrete DESIGNERS’ HANDBOOK 


]i:XAMPLES OF USE OF TABLE No. 30. 


To design a slab to take a bending moment of 2,000 ft. lb. with stres.se.s not exceed- 
ing 16,000 lb per s(i. in. on steel, and 700 lb. per .sq. in. on concrete. 

(a) Maximum concrete and steel stresses : ‘ 

JCffective depth reepnred — 0-0912 V2,ooo - 4-07 in. 

Total slab thickness - 5 in. 

Area of steel required = 0*0095 V 2,000 = 0-420 sq. in. 

{h) Specified total slab thickness - 6 in ; effectiv*e depth ^ 5-25 in. 


/^i 


.5-^.5 
V 2,000 


0-1 18. 


With t ^ 16,000, corresponding value of 0-007. 

Area of steel required — 0-007^2,000 0-312 sq. in. 

(r) Specified total .slab thickne.ss ^ 4^ in. ; effective depth 3-75 in. 


, 375 

A’l == -= 0-084. 

V 2.000 


With c ---= 700 corresponding value of k.^ - 0 014 approx. 

Area of steel reejuired o or4V2,ooo 0-625 sq. in. 

(See Table No. 31 for further suitable sections with compression reinforcement.) 



TABLE N«30| 


iAB DESIGN FACTORS 


12.000 14.000 10,000 1-7.000 16.000 I 20,000 I 22.400 


too 


150 II *0055 


•4^0 II *0014 1-505 rOOii *517 *0011 '542 


•0020 1*555 ll-OOn \-hGA 


•0057 *245 11-0051 *25^ 11*0026 *25,5 |1 *0026 1*271 1| • 0022 |« 283 


-002! j 

•544 

*0028 

•265 

•0055 

•217 

-0041 

•185 

•0047 

-162 


200 


250 11*0057 


•0046 - 202 *0058 


500 -0067 *0054 •HI -0045 *181 *^041 -185 11-0058 -(84 *0055 *1^0 


550 hOOl? -145 tOOG)2 *151 -0052 -154 *0047 -162 -0044 -165 .0058 •nz 


400 -0067 *150 *0070 *156 *0058 -142 *0055 *145 


450 -0046 *116 •0078 -124 *0065 -1 2^ -0054 -tSl 


500 -0105 


525 -OMO 


550 -0114 *102 -0043 -1058 


•0054 •t5l 


148 - 0 042 *155 


•0047 *154 


575 -one 


600 *0125 


625 -0127 


650 -0(51 


675 -0155 


700 -015^ 


725 -0145 


•0071-116 -0065 -121 -0060 -125 *0052 *127 


*0074 -114 -0066 -116 -0063 *HB *0054 -122 


-I048 r®^7l .112 -0066 .114 -0057 *118 


00^6 -1022 *0080 •i06l -0074 *1014 -0068 *1047 *0040 


•00851*102611*0077 1-1045 


•ooio 


-0014 

•ssa 


BBBI 

•242 

*0028 


*0052 


*0056 

19 

•0040 

iifl 

•0044 

•132 

•0046 

*127 

•0048 

•122 

*0050 

*117 


•0061 *110 


•0105 *0460 


•0444 *0014 *JOH *0075 *1027 *0065 .106 


-0452 -0084 -0465 *0062 * 0480 -0076 


•0066 *105 *0056 -106 


•0042 *0457 -0085 -0452 -0078 *0461 *0068 


•0115 *0802 -0045 


•0117 


750 11*0147 *081 *0120 1*083811*0101 


775 11-015! r-074lrOI25 1-0814 II *0105 


•0155 

•078 

•OIM 

-076 

•0163 

•074 


800 *0155 'OIQ *0127 -0800 -0106 -0025 *0048 


825 *0154 -076 *0150 -0783 *0104 -0807 -OiOO 


-0087 -0426 -0081 -0441 *0070 -0469 


-0401 -0085 -0415 *0072 1-0442 


0045 I -0857 11*0088 -0870 -0077 *0844 


•0041 -0844 -0074 *0875 


•0064 -0447 


*0066 


•on 2 I *07^1 -0103 1-080011*0045 1 *0811 11-00831-0855 



•0122 

•0728 

•0125 

•0715 

•012*7 

•070 



875 -0166 -075 -0156 *0+50 -0114 *0775 *0105 *0765 


400 -0170 -071 -0154 *0756 '0117 


450 *0177 -064 -0146 


475 B *0/81 -068 *0144 -0646 -0125 *0715 *0115 *0724 -0107 *0754 


lOOO -OIBS *067 *0152 -068 *012*7 -070 *0118 * 07! -Oioq -072 


NOTES:- M*= BeNOiNG MOMENT IN FT. LBS. PER FOOT U/lOTH. 

t • MA,^. allowable tensile STRESS IN LBS. PER IN? 

C s= MAV. ALLOWABLE COMPRESSlv/E STRESS IN LBS. PER IN.* 


•0105 

•0748 

•0107 

•0754 

-oioq 

•072 



Epfectin/e depth » INCHES. 

area of tensile STRESS « UiJlA 
























































































































































































































































































































































234 


REINFORCED CONCRETE DESIGNERS* HANDBOOK 


EXAMPLES OF USE OF TABLE No. 31. 

To design a slab to take a bending moment of 2,000 ft. lb. ( — 24,000 in. lb.) 
per ft. width. Maximum stresses : t 16,000, and c = 700 lb. per sq. in. (Com- 
pare with examples for Table No. 30.) 

(a) With no compression steel : 

Resistance moment of a 5-in. slab with 0-422 sq. in. of steel per ft. 
= 23,800 in, lb. 

{b) With Ac — 

Resistance moment of a 4j-in. slab with 0-461 sq. in. of steel per ft in 
bottom and 0-230 sq. in. of steel per ft. in top ^ 23,720 in. lb. 
(c) With Ac - : 

By interpolation : 4l-in. slab with 0-500 sq. in. of steel per foot width in 
top and bottom is suitable. 

NOTES, 



700 LBS./ tN,'^ maximum C *=• C 5 OO LBS./ IM 


resistance: moments - SLASS taslc 


MAXIMUM STRESS IN rENSlON 


1^.000 LBS. PER SO. 



R.M.* RESISTANCE MOMENT IN INCH LBS. PER FOOT WIDTH OP SLAB. 

At * area of tension siefeL in sq.ins. per foot width of slab. 

Ac * Area of compression steel . 

FbR notes on the use of this table for other stresses £:e table n^'21. 
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REINFORCED CONCRETE DESIGNERS' HANDBOOK 


EXAMPLES OF USE OF TABLE No. 32. 

{a) 'I'o find the moment of resistance in compression and the corres|X)nding 
amount of tensile reinforcement for a tee beam, the rib of which is 10 in. wide and 
extends lO in. below the soffit of a 6-in. slab. Syian of beam -- 18 ft. and distance 
between adjacent beams — 8 ft. Maximum stresses not to exceed 17,000 and 700 
lb per sq. in. 

ITfcctive breadth : 

(1) Available slab 96 in. 


(■!) 


Span 

3 


72 in. 


(3) J2(l^ -I- b (12 X 6) -h TO - 82 in. 
lienee inaximnm - 72 in ; effective depth, .say, 20*5 in. 

From Tabic No. 27, ^for r — ~ t>‘39 ^ ^0-5 — 8 in. 

and neutral axis falls below slab. 

(ix ^<>-3 ^ 3 ^ 7*5 

l^M. in com]iression 


700 > 72 


17-5 

8 



8 — 6) - 3,300,000 in. lb. 


Ar 


3,300,000 
17,000 X 17-5 


1 1 • 10 S([ in. 


(b) 'Jo (ind the moment of resistance in conq^re.ssion and the corresp^onding 
amount of tensile reinforcement for an ell beam, the rib of which is 6 in. wide and 
extends lo in below a 7-111. slab. Span of beam --- 14 ft. and available slab width 
exceeds 3 ft Ma,ximuin stres.ses : t6,ooo and 600 lb. per sq. in. 

ICllective breadth : (t) Available slab — 36 in minimum. 


Hence b, 34 in 


(A 


Siian 

3 


56 in 


(3) 4(/, I «< - 4 X 7 + 0 - 34 in. 
effective depth, say, 15-5 in. 


From Table No. 27, 7?, 


for r 


16,000' 
600 / 


X 15-5 5 ‘^ in-. 


tlnis the neutral axis falls within the slab. 

3 h 

«2 - L 3'3 - ^ " 13 ^ in. 

K.M. in compression = 0-5 x 34 x 5-6 x 13-6 x 600 
, ^ 770,000 in. lb. 


j’ 


770,000 
j 6,000 X 13O 


3-54 sq. in. 


(r) 'fo find the minimum distance from the supj orts of an end-span beam, loaded 
with uniformly distributed load, that two bars can be bent up to assist in shear resist- 
ance ; the total number of equal diameter bars in the bottom at mid-spa\i is six ; 
span of beam - 20 ft. 

For .second bar of six, A 2 0-30 and f;., — o-i8. Hence distance from 

inner siqiport 0-30 x 20 -- 6 ft. and distance from outqr support = o-i8 
X 20 ^ 3 ft. 7 in. 



I&.OOO 16.000 
•05 •Ohio 


U-b-4 


BE.AM DATA tabl^ N 532. 


gECTAN<5ULAg REAMS , -r — p j- 

proportions Min. d * fx span. 

TtNSll-E stress:- 12,000 I4-,000 iS.OOO IS.OOO 16.000 ^ Q 

VALUE OF f *0‘575 *044 •OA"? *05 •ObQ> 

O = b TO 3b ^ ^ 


, ^ dr t>s 

rUANGED 6EAMS D ^ "g- *| 

Max. value of =* least of following 1 JTZ 

I I ds '■ 

0) distance setween centres of adjacent 6EAM5. * ^ 

(2) one-thiro span of beam J 

(3) tee BEAM ; l^d^ + b 

Ell BEAM : 4d^H-b : :L 

LEVER ARM ; b ^ 

NEUTRAL AXIS BELOW SLAB: (3| d— ‘Bdg ^ 

neutral Axis within Slab s do ^ d — Q- 

resistance moment (LBMPRESSIOn) b d d ^ — 

NEUTRAL AXIS BELOW SLAB : g. M. -dj) ^ 

NEUTRAL AXIS WITHIN SLAB : R. M. » ‘ 5b^ O C . ~ ^ ^ 


SECTIONS AT WHICH SOTTOM BARS CAN BE STOPPED (oR BENT Up). 

UNIFORMLV DISTRIBUTED LOAD . 

MAX. DISTANCE FROM SUPPORT TO P =s k L WHERE P = POINT OF STOPPING 
OR BENDING UP. IF BAR IS NOT BENT UP, SUFFICIENT ANCHORAGE LENGTH 

MUST Be PROVIDED ON SUPPORT SIDE OF P; ANCHORAGE LENGTH WILL 
.^rrTTTTr^ DEPEND ON RATE OF CHANGE OF 6.M. 



mmmmiiij 

BIh 


iniiiiiii 








Hj|BBH|l|i|| 



m 

ml 

m 




ORDER OF STOPPING OFF OR BENDING UP BARS 


BBBBIBIDIBBBBIflaHBBBBIBieSBBBB 

BBBBIE9EIBDBBBIBBBBBBIB1BBBBBI 


iHIEBBBiBBBIBBIBWBBBIBBBBlIBflBBHEBSBIBEEBlHfciBH 









238 


REINFORCED CONCRETE DESIGNERS’ HANDBOOK 


EXAMPLES OF USE OF TABLE No. 33. 


(a) To design the shear reinforcement for the specified sections to take a shear 
force of 30,000 lb. Allowable stresses : bent-up bars : 16,000 lb. per sq. in. ; binders : 

14,000 lb. per S(p in. ; maximum unit effective shear stress on concrete (Mix C) 60 
lb. per sq. in. Lever arm of all sections = 0*87 x effective depth. 

(1) Effective depth — 40 in. ; breadth = 15 in. 


30,000 

.S „ 57*4 lb. per sq. in. 

0-87 X 40 X 15 " ' ^ ^ ^ 

Therefore no shear rcinfoicement is reipiired. 

(ii) Effective depth - 30 in. ; breadth = 12 in. 

30,000 

wS - 96 lb. per sq. in., which is h ss than 120 and 

0 87 X 30 X 12 ^ ^ * • 

more than 60. 

From Table No. 33, r --- 0*58. 

Sliear to be taken on steel - 0-58 x 30,000 == 17,400 lb. 


17,400 • . 

If taken on binders alone \ V ^ ^ which is given by J-in. single 

binders at 8-in. centres or by A -in. double binders at i6-in. centres, which are rather 
lieavy for the given section. 

If taken on bent-up bars alone (arranged so as to give double shear), single shear 

17,400 *■ 

value required - * ^ 8,700 lb. which is given by one i-in. bar bent up at 


45 ties- 

If taken on binding and bent-up bars, one J-in. bar bent-up at 30 deg. and g-in. 
double binding at 1 2-111. centres would be sufficient (see example (b)). 

(iii) Effective depth 20 in. ; breadth to in. 


5 


30,000 

087 X 20 X TO 


= 173 lb. x^er sq. in. 


Therefore the whole shear would be taken on reinforcement. 

Three J-in. bars bent-up at 45 deg. at 16,000 lb. jier sq. in. arranged 
in double shear ^ 3 x 2 X 4,998 = 30,000 lb. 

ITovide nominal binding ; say -^o-in. single at T8-in. centres. 

(b) To calculate the resistance of the shear reinforcement in the section specified 
in (ii) if reinforced with one bent-uf> at 30 deg. (in single shear) and J-in. 

double binders at 12-in. centres : 

Value of one J-in bar bent-up at 30 deg. in single shear at 

16,000 lb jier sq. in. ^ 0-707 x 4,99^ 3,530 lb. 

2-in. double binders at 12-in. centres at 14,000 lb. per sq. in. 

take 2 X 0-87 X 30 X 257 = 13,400 ,, 


Total = 16,930 ,, 

From the calculation in (ii) above, the shear resistance required from the steel is 

17,400 lb. Hence the resistance of 16,930 lb. provided might be just sufficient, since 
the unit stresses are not excessive. * 



5HEAR REINPORCEMCNT. 


TA6LE mss. 


PPOPOPTlOM or TOTAL SHEAR TAKEN ON STEEL*. r» 






SHEAR VALUE OF SiNSiLE BINDERS C TWO AftM^) : F aVC levei* ARM). 


VALUES OF V FOR VARIOUS SPAOIIHOiS. 



Q 99 !|^ 9 SS 9 B 9 S 95 I^ 9 ^ 9 ^ 9 ^[^ 9 |S^ 9 ^ 9 ^ 9 |^S|^| 

gWgiH!gBgaggeaBBWi^nLT^ir.T«IEaigllPllfglilglEMBHiCT 



iB9B3IE8^9^S^9^3EBMBSBHB58B9KS^SIB8iE3l 



SHEAR VALUE OF DIAGONAL BARS AT 
WHEN BARS ARC INCLINSO AT 30* TO HORIZONTAL •TOT OF 


Stress in lBS. per sei.inch. 


THE values should Be taken 


ITOOO I \a ,000 


3GBd 3^04 



note* - see chap. HD notes and formula • 

SEE TABLE N® 52 For POINTS AT WHICH TENSION 


BARS* CAN BE BEN T UP 
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RKINFORCED CONCRETE DESIGNERS’ HANDBOOK 


EXAMPLES OF USE OF TABLE No. 34. 


(a) To determine the maximum safe load on a column, 18 in. square, 28 ft. in 
hei^^lit, end conditions a] iproxi mating to botli ends hinged ; reinforced with four 
ij-in. longitudinal bars, and jVin. double binders at 6-in. centres ; concrete is Mix E : 
(1) Oil total section : 


Binders : 


400 X 0-077 ^ 2 
^ ' 6x18 (overall) 


0-57 per cent, (more than 0 2 per 


cent, minimum). 
Slenderness : h \ -4 


R 


1-4 y 28 , 12 

j8 


26-1 


^ 0-53 or 0-56 (by alternative " general ii«e formulaj). 

Stress : 1 ^'roni Table No. 23 or 35, s.ife stress for Mix E :• 800 lb. per 

s(i. in , m 12-5 ; Cx 0-53 x 800 - 423 lb. per S([. in. 
h'rom Table No 34 : Ar 3*98 scj m. 

Sale load IP |i8“ 1 (12-5 -1) 3-98! 123 157,000 lb. = 70 

tons f 

(11) On eori‘ section : 


Bindi'i's 


400 X o 077 X 2 
() .< 15 (t-orc-) 


r, 0-685 

-1 I- - 
c 10 


107. 


o 685 per cent. 


Slenderness, stress, etc , as above 

Cx 1-07 - 0-53 800 -- 453 lb ]>er s(i in. 

Safe load [ 15*'^ h (12-5 - i) x 3-981.|53 - 123,000 lb. 55 tons. 


NOTES. 



ANV section n CECTANG.ULAR COLS 


COLUMNS 


TABLE N5 34. 


COLUMN QEINFQRCEMENT - LIMITING VALUES . 

MAXIMUM 


LONGITUOINAU ftARS t 0-6% TOTAL AREA 4% COCF. AffCA 

INOEPEJNOKNT BlNOEPS ; 0*2% TOTAL VOLUME 5®/o COPE VOLUME 

HELICAL OlNOeeO *. 0-5% COPE VOLUME 5*13% COPE VOLUME 

COVER OF CONCBETE (miniMUm); t" FOP COLUMNS LESS THAN l2”; l'^"pop COLS. IZ" AND OVER, 

PROPERTIES OF LON&ITUOINAL 6AgS 


minimum lap lenGiJH : 
MAX. SPACING or SINOEPS : 





1 ’ 

f'h* 


1 * 4 : 


1-23 

\-ll 

2*41 

3-14 

5*q8 

4-qi 

5-q4 

7*07' 

4-n 

CfOI 

8-18 

10-7 

13-5 

IG-7 

20-2 

24-0 

l'-3“ 


,Lq» 

2'-0" 

2 - 3 " 

2'-C»" 

z'-q* 

3 - 0 “ 

10 “ 

12 “ 

14" 

\<c' 

16" 

20 " 

22 " 

24" 


NOMBCPS OF OARS. 
K ^ DIAMS. 

■= \G> 01 AMS. 


FOR MORE THAN MINIMUM BINDERS . 


C= normal SAFE 
STSC6E 



SAFE LOADS ( SEE Also "Able 35) 

w - fA+On-O^cl 

L J Cx «SA» 


M'S 35 ) Fop values of m SEE table 23. 

A s effective CONCPETC area. 

Ac » area of LOnOiTUOiNAL REiNFOPCEMENJT. 
ft « safe STBESS AluOWiNOi F0« % OF BuiDEgS.SLENOegM&SS , MIX, ETC 
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Ri:iNFORCED CONCRETE DESIGNERS' HANDBOOK 


EXAMPLES OF USE OF TABLE No. 35. ' 

(a) To select a design for a column to carry 200 tons subject to the follp wing 
conditions : (i) to occupy the minimum of floor space ; (ii) square column constructed 
in concrete Mix C : ‘ 

(i) Smallest square column 19 in. by 19 in. ^ 361 sq. in. of floor space. 

Smallest circular column — iSJ in. overall diameter = 269 sq. in. pf 

floor space. 

Therefore an i8J-in. circular (or octagonal) column constructed in '.Mix E con- 
crete, with 4 per cent, of longitudinal steel and 3*13 per cent, of helical binders, would 
be satisfactory. (Note that owing to the decrease in m, with high percentages of 
longitudinal steel there is little advantage in using Mix F in place of Mix E.) 

(ii) Referring to Table No. 35 : . 

24-in. square column with — o*8 per cent, of total area and binders 
= 0-2 per cent, total volume. 

Afj -= 0-8 per cent, x 24“ = 4*61 = Eight J-in. bars. 

Binders : Volume required = 0-2 per cent, x 24“ x 121 13-8 cb. in. 

])er ft. run of column. 


Area per ft. 


13-8 


= 0-165 SQ- == (From Table No. 25) ^^-in. 


binders at 11-111. centres double system. 

This design takes the full area of the concrete into account. If, from the point 
of view of protection from fire or other damage, the cover has to be discounted as 
a load-bearing part of the column, one of the following designs should be adopted : 

28-in. square column. Ac ^ o-8 per cent, (core) ; Binders ^ 0-5 per cent, 
(core). 

Ac 0-8 X 25^ == 5 0 sq. in. — Eight J-in. bars. 


Binders : 


by rearranging foi inula given on Table No. 34 : 


A j> 
s 


pD 

400 


0-5 

400 


00313. 


For double system of J-in. binders at 7-in. centres. 


00314. 


With ii 23-in. square column ; Ac ^ o-8 per cent, (core) ; Binders = 5-0 
per cent. (core). 

With a 20-in. square column ; Ac 4 per cent, (core) ; liindcrs 5-0 per 
cent. (core). 

The exact nature of the requisite amount of reinforcement for the columns would 
be dctermineil as above, but generally such designs would be less economical than 
the first alternative. 


NOTES. 



COLUMNS - ’S^FE LOADS (tons) 


TABLE N«35. 



22B I 2Qn 


204 IC>1 230 322 224 151 25q 346 246 144 275 


252 «77 305 424 285 240 345 460 505 I 268 I 37o I 465 


266 374 55t 360 248 426 


574 I 524 468 654 425 364 526 706 457 I 545 ) 566 | "7t6 


4o5 344 5 67 744 505 446 I 658 I 855 | 545 I 480 | 685 | 868 


44 



I5q 240 358 


182 3iq 44^ 


250 I 546 I 556 


284 440 654 


345 545 835 



8o I too 


-75 124 163 


56 148 I 157 


48 I 168 


136 237 I 30» 


204 355 489 


254 440 608 


320 54 5 -750 


223 365 


276 478 I 607 


342 


415 h»5 


iFOTMCR normal working OTGCSSftft ARC AOOPTCO, SAP* LOADS WOULD 6S ACUUSTEO PRORATA, 
LOADS TAGUuATCO AGOVe ARC NOT IN ACCOROANCC WITH L-C*C RCOULATIONS* 
sec taglc n«S4 Po« coisOiTiOHs on which Aso^/e. loads arc coMPyyrgo > 
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REINFORCED CONCRETE DESIGNERS* HANDBOOK 


EXAMPLES OF USE OF TABLE No. 36. 

A rectangular section is 18 in. deep and 12 in. wide and is reinforced with two i-in. bars 
in the top and three i-in. bars in the bottom. The centres of the bars are i J in. from the 
top and bottom faces respectively. To find the stresses produced in the section under the 
conditions of direct thrust and moment given below, assuming a modular ratio of 15. 

For all cases D = 18 in., 6=12 in., d = 16*5 in., i6*5 ^ “ 0*909. 

At ^ 2*30 sq. in. ; Aa — i'57 sq. in. 

(a) M = 200.000 in. lb. N = 100.000 lb. 

200.000 .it i. • ^ rt/ • \ 

c -= — 2 m., that IS, < o-iGtDc - 3 m.). 

100.000 / \ j / 

A I ” 14 X 3*93 ^ 55 sq. in. A 2^- 12 X 18 = 216 sq. in. 

Z ^ — i 6*5 + 15)* -f (0*167 X 216 X 18) == 988 in. 

1 o * 

100,000 200,000 * , ^ 
c ^ i “ - “ = 571 and 165 lb. per 3<i. in. 

(b) M — 200,000 in. lb. N -- 50,000 lb. 

e r= 4 in., that is. > o-i67D(— 3 in.) and < o*5rf(8*25 in.). 

50.000 ^ \ J X -f / 

Ai, A 2, and Z as for (//). 

50,000 200,000 • 

= 55 +T.V, “ ~o88~ = = r *9 lb. per sq. m. 


Tliis is less than one-sixth of the allowable maximum stress 


/ 6oo\ 
(say -g-j 


therefore maximum compression stress = 184 -f 203 = 387 lb. per sq. in. 

(c) AI - 300,000 in lb. N 15.000 lb. 

c - — 20 in , that Ls, > o*5f/(8*25 in.) and < i-sdi— 25 in.). 

15,000 ^ \ J \ 

b' — -f I - 1*666. Assume riy = 0*55. 

./ -= 0*55 ‘x 12 X i 6*5 X *5 = 55. 

From Table No. 36 : G = 0*224. H 11*5 approx. 

15,000 X 1*660 

Q =. — ^ = 412 lb. per sq. ill. 

(0*224 X 12 X 10*5) -f (ii*5 X 1*57 X *909) 

. 412(55 -f- 11*5 X 1*57) — 15,000 

t r- 6^440 lb. per sq. in. 


Corresponding value of 


" O 44 0 — ~ compared with the 


412 X 15 

assumed value 0-55. Re-working with an intermediate value of 0*51, 
J J 2 X i6*5 X 0*5 X 0*51 50*5. 


(; = 0-5 X o-5i(i - = o. 


15,000 X l*6f>6 

c = 7 — ■ ~ 426 lb. per sq. in. 

(o*2i2 X 12 X 16*5) -h (ii*5 X 1*57 X 0*909) ^ t' '1 

^ 426(50*5 -f 11*5 X 1 * 57 ) — 15,000 . „ 

/ ^ — y— - = 6,020 lb. per sq. m. 

2*36 ^ ^ 

Corresponding value of = ^^20 — ~ close enough to 

I _j 

42b X ^15 

second trial value. 

(d) M = 10,000 in. lb. N — direct pull of 2,000 lb. t 

10,000 . , , 

^ ^ ^ °‘5/i<^{= 7-5 >»•)• 

Tensile stress in At = ^^(7'5 + 5) — 10,600 lb. per sq. in. 

Tensile stress in Ao = ^^(7*5 — 5) = 3. 180 lb. per sq. in. 



eCNOiNa and 

OlOecr reN&iON • I BENDirs<a and dk^cct coMP(?ESStor>i 


table nr 56. 


BENDING & DIRECT FORCE. 


RCCTANSULAR sbctions. 


c< 

H670 


e> 

wo 

<*Sd 


COMPUTE C CmiN.) Aft AftOsAE | IP MCftAnVC ANO > 
ggcALCULATg ey MgTNoo ftivN fteuow. 


EVALUATE f m ^ 1 } ASOUMfi rli } PiNO AND J « bdni 

SueSTiTUTE IN ^ ^ NP ^ » eCJ-j-HAcj-N 


a 

> 

•5d 


P«tCT^OECe N* 


A, -(m-iXA^+AT); Z^-^’C'SO-d-Vfid) + MG 7 A 2 D 


A.* bD 




IM9 

OCET- 



r 

L 

« ^ 

±=^ 

, 

1 t 

P 


Sbd+ HAcfi 

CHECk AftftuMEO VALUE CP n, P 0 OM m 


-rr 


m a MCOULAE EATlO. 
n,d » DEPTH CP NEOTPAl A)(lS.| 
t « MA)f. STEEL ftTRECS. 

C ■ MAX.CONCI?ETe STEBSS. 


> and ftEWOKK IP MOPE THAN l 0 %BEEOp, 


hSd 


II VALUES OF * */h|Cnn-l)(ni+f,-l)J ] 

II VALUE OP m 

[Q 

m 

m 

lEa 

isa 

IBS 

IE9 

IE3i 

IEE9 

IBB 

EB 

IB^I 

la-» 


IBS 

IDS 

IB51 

isa 

iBsa 

\m 

IBffl 

ID^ 

IBS 

1^1 

BH?! 

1 ^ 

II 

£ 

1 

0 

m 

10 

lEI 


ipg 

m 

m 

10 

IBI 

EB 

m 

l! 

♦60 

- 

IBl 

IB3 

IBI 

lEB 

IBI 

IBS 

EQ 

lai 

ICO 

IBB 

IBI' 

•85* 

3-5 

k*s 

7«0 

a^o 

6*5 

k*4 

k-a 

10*2 

10 * 5 

10-7 

ll-O 

ilBSI 

BW 

BEi 

ESI 

S9 

Bfl 

m 

PJjpJ 

03 

BO 

MPl 

iim 

B9 

1^9 

ca 

133 

[fW 

iIBi 

IBBl 

03 

Bl 

IHH 

33 

BO 

IBH 

ina 

IBI 

i( 

£ 

Vc 




ss 

m 



03 

IHH 

IQ3 

m 

IQ9 

iRgl 

lEQ 

•f 

Hi 

Jj 

d 


SI 

Ea 

ea 

Bl 

H3 

Bl 

ra 

EB 

ira 

eg 

lEB 

•65 

Bl 

HHI 

331 

39 

BHI 

oa 

EB 

EO 

EB 

m 

ea 

leQ 

•^0 

5-7 

C-q 

7*7 


8*ft 

q.O 

q*2 


q*8 

kjj 

q-q 

T0»O 

Bm 

03 

ECT 

HM 

ra 

en 

(03 

BBi 

BBI 


BBI 


BH 

0 

u 

£ 

Vc 

Eil 

m 

TSSi 

103 

Bi 

03 

la 

KCT 

BEI 

m 

eg 

Si 

Is 

S 

B99 

- 

IBM 

HS 

BB 

eg 

B3 

m 

33 

199 

HH 


BB! 

•66 

BQI 

osi 

H3 

Bl 

OQ 
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EXAMPLES OF USE OF TABLE No. 37. 

(a) To convert 17 ft. 8ft in. into metric units; 

17 ft. 8 in. - 5*385 metres, 
ft in. - 0 0079 


17 ft. 8ft in. -- 5-303 

{b) To convert 4-067 metres into English units : 

4 067 

4-064 " 13 ft. 4 in. 

0003 - }^ (At foot of Table: J-in. -- 318 mm.) 

13 ft. 4l in. 

(c) To express ^-in. bars at 8-in. centres in metric units : 

I in. =-- 12-7 mm. 8 in. - 0-203 m. 

Nearest practical values : 12-mm. bars at 20-cm. centres. 

(d) To exx^ress 600 lb. j^er sq. in. in metric units : 

600 

--- ” 4'^ ^^8- *‘>4- apj)roximately. 

{e) To convert 6 lb. per sq. yd. to metric units : 

6 

1 sq. yd. -= - 0-836 sq. m. 

2-71 

0 lb. per sq. yd. == ^ 3'24 kg. per sq. m. 


NOTES. 
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5-46Q> 

5*512 

5*537 

5*502 

15*588 

5*013 

5*034 

5*004 

5*040 

1 5*715 

5*741 

5*700 

19 

5-7qi 

5*617 

5*64Z 

5*667 

IEES1 

5*418 

5*944 

5*404 

5*444 

PiSHI 

0*045 

0*071 


6*0q6 

<b*l2l 

fi>*l4'7 

0*172 

0*148 
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0-274 
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6*325 
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B 

fe'40l 
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6*417 

0-502 
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0-404 
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EXAMPLES OF USE OF TABLE No. 38. 

(a) To express 10 ft. 5/n in. as a decimal of a foot : 

10 ft. *= 10*00000 
5.3^ in. = 0*42909 


10*43 ft. 

(6) To convert 0*6732 ft. to inches (nearest u^nd) ; 

0*6732 ft. 

0*67187 ft. ~ in. 

Difference = 0 00 133 ft. which is slightly more than Therefore 0*6732 

ft. 8.,-^ in. 


NOTES. 



DECIMAL EQUIVALENTS 


lA&LE IM»38. 



09114 *17446 


•26 *56656 


*2526 


*25621 


•26761 


lo n 


*91666 


*41927 *5026 *56694 


*42167 


EiB9BiBBBB3BBIE SIBBB l iBS3 E^BE3SlEffi3 BSIBi-gig;?igi 


lai 
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Q051 1-14844 1*25177 


*50729 


•30969 


•5125 *59585 1*47910 1*5025 


•47395 
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NOTES. 



TABLE N95S 


MIXELLANEOUS D^TA . 

QUANTTriES OT MATERIALS PER CU. VD. OF CONCRETE . 

I miT I A I C I D I E 


APPRO)^ . PROPORTIONS 

1 • 5- <p 

0301 

1 • 

1 

i 

WM 

COARSE AGGREGATE 

24 

22% 

22% 

22 

21 '/5 

CU. FT, 

Pine aggregate 

12 

ll'/s 

11 '4 

II 

10 % 

CU.FT. 

cement 

36>0 

510 

58S 

C 9 G 0 

qGo 

LBS. 


THIS TABLE SHOULD BE «CAO IN CONJUNCTION! WITH TABLE N« 25. 

QUANTITIES ARE ONLV BUT ABE APPLICABLE TD BALLAST AND SANDS OF NORMAL 

grading, an additional Should be added to both coarse and fine aggregate 


Quantities if crushed stone is used . 

FOR WASTE. BTC, ADO ABOUT lO®/o TO AGGREGATE AND 5% TO CEMENT. 



SeCTlOM AREA MODULUS MOMENT OF INERTIA 
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ESSENTIAL TRIGONOMETRICAL FORMULiE. 


sin *0 -f cos *0 = 1 

I 

‘ sin 0 

I 


cosec 0 


sec 0 = 


cos 0 


sin (0 + = sin 0 cos 4* "h cos 0 sin 4> 

sin (0 — ^) = sin 0 cos ^ — cos 0 sin 

cos (0 + = cos 0 cos 4> — sin 0 sin 0 

cos (0 — = cos 0 cos ^ + sin 0 sin ^ 

tan 0 4- tan ^ 

tan (0 “ 7 — f\~T 7 

' I — tan 0 tan ^ 


tan (0 — 


tan 0 — tan 


I + tan 0 tan ^ 

Applicable to any triangle ABC in which AB =~ c ; BC = a ; 

sin y4 sin B sin C 


Area = 


a 

he sin A ac sin B 
2 2 
where s = 4(a +6 H- c) 

^ * /(s - 6)(r^) 

sm y = V - 


aZ? sin C 

= - = Vs{$ - a)($ - b)(s 


A(f = b. 


-c) 


NOTES. 



TRIC0N0Met(21CAL RATIOS. 


TA5LtL NO 40. 



CWANSEIMT 1 TANSCNT 








































































































































































































































ADDITIONAL EXAMPLES. 

• 

The following examples have been compiled to indicate the use of a series of the 
foregoing Tables in the design of a number of complete structural parts, together 
with examples of taking-off and approximately pricing bills of quantities. 

(i) Typical Design of Floor Panel— -Beam and Slab Construction (page 258). 
(11) Typical Design of Floor Panel — Flat Slab Construction. 

{a) With dropped panels (page 261). 

(b) Without dropped panels (page 2O4). 

(iii) Typical Design 01* Hopper .Bottom (page 265). 

(iv) Typical Example of Quantities and Cost Estimating. (The quantitiics 

FOR design (i) ARE TAKEN-OFF AND PRICED IN COMPARISON WITH THOSE FOR 

(ii^i) and (ii6)) (page 268). 







B G. 48 b - "PglC AL DETAIUQF BE AH AND SLAB CONSTRlICTiQN 
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(i) TYI’ICAL DESIGN OF FI.OOU PANEI^BliAM AND SLAB CONSTRUC- 
TION. 

(See IHgs. 4tS(rt) anti 48(/.;) for details .and general arrangement ) 
Warehouse floor in panels lo ft. square ; i-in. granolithic finish not to be included 
in resistance section. 

Adopt concrete Mix (' (sec Table No. 23) and working stresses thus : 

C'oncrcte in conqiression 700 11>. ])er sq. in. 

Steel in tension 17,000 ,, ,, ,, 

Hiiulers 14,000 ,, ,, ,, 

Hent-up bars ib,ooo ,, ,, ,, 

With 17,000 and 700 (from Tabic No. 27 with stress ratio - 24*3), lever arm 
a^ 0-87; neutral axis dept li ratio n, ^ 

Adopt live load 224 lb ])er s(|. ft. ( <[1 200 lb. per Tabic No. i). 

Sr.AJi. Dead load: i-iii. granolithic (Tabic No 1) 12 lb. |xjr sq. ft. 

.pin. slab ^ > 12 4^ ,, ,, ,, 


fotal dead load 


Live load . 
'I'otal load : 

Ratio of live to dead load 


(10 


ho ,, ,, ,, 

224 ,. „ „ 

2H4 

4 

3*73 With this ratio conqiare H.M. coelfi- 


ei(‘nts given on I'ahlc^ Nos 10 and 14 ; ado])ting coellicients on Tabic No. 14 : 
Su])]K)rt h iM <’^183 , 284 ()-h7- 1,045 it Ib 

Mids])an HM o 0(17 r 284 . (» (>7-^ 833 ,, 

Slab tliicUness (see Table No. 30) : 

Ivdective depth -d o-ot>20 i ,045 2-q»y in. 

A 4-111. slab provides d 3*25 in. 


Midsnaii : // ?. 


«33 


I 2 


0 208 s(p in. 


1 7,000 X o 87 3-25 

Refer to Table No 25 and provide J-in. bars at ()-in. (ontros. 


Support: Aq 




12 


17,000 - 0-87 X 3-25 


o z()J sq in 


Remainder 

I^eniamd(*r can In* made up by inserting 


ov'cr supports. 

SiaoNOAKV lb: VMS I^dlectivc span 
tion lO m. by 8 in. ; d ]8-5 in. 

Dead load : Slab X ()0 

Beam rib, .s,iy 

'Total de.ad load 
lave load : () ()7 x 224 

'I'otal load 


0-040 

.additivinal J-in. clamps at 12-in. centres 

20 ft. ; clear span - 19 ft Assume sec- 

400 lb. ])er ft. run. 

- MO .. .. M 

530 It ft It 

- 1,500 ,, „ 

2,030 „ ,, 


Ratio of live to dcarl load is approximately 3. Referring to J'able No. 10, the 
beam can either be designed for a B.M. coefficient of |\> at midspan and support, or 
for 0 073 at midspan and 0-104 supports ; since the secondary beams have main 
beams for their supports, adopt the former coefficients. 

B.M. at mid.spaii and support ^ , 

” 0 083 X 2,030 X 19 X 20 X 12 = 772,000 in. lb. 
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Maximum breadth of flange (Table No. 32) : 

(i) 6 67 ft. == 80 ill. 

(ii) = 80 in. 

(iii) (t2 X 4) 4 - 8 = 56 in. ; therefore b, = 56 in. 
n «= 0*39 X i 8'5 = 7-2 in., and the neutral* axis is lx?low the slab ; 

a — 16-5 in. 

R.M. of compression 700 x 56 x 16-5 x 4^ 

at midspan “ i (^ 4*4 " 4) 

1,870,000 in. lb., which is ample. 

77^.000 

Midspan A j> — 7 2-75 .sn m. 

^ ' 17,000 x 16-5 ^ 

Two ij-in. and two i-in. bars - 2-773 ^4 bi. 


At support: Aj, ~ ~ ^ 2-()S sci in, 

17,000 X 0-87 X 17-5 ^ 

Four I -in. bars - 3-14 .s(]. in. 

R.M. of compression at supjxirt : From I'ublc No. H), R.M of concrete 
* oonly 8 X 36,000, say, 288,000 in. lb. winch is insnlhcient. With 
an increased comprc.s.sive stre.ss of 850 lb ]ier sq. in. at the support, 
and Afj - A j,, R.M. — 8 x 100,000 800,000 in. 11 ), which is satis- 

factory At •- Ao ^ 8 x 0*4 (say) --- 3 2 sq. in. (3-14 sc), in. have 
been provided^. Alternatively, by “ steel-bt'am theory," 


A T — A (] 


•jy 2,000 
17,000 X 15 


3*03 «4 in. 


Maximum shear force - 2,030 x 10 -- 0-5 10.300 lb. 


t6.j 11) per sq 


vSatis factory. 


T(),700 

From Table No ^3, one i-in. bar bent-np at 43 deg at j6,oo(j lb per s(|. m 
takes 8,<)oo in " single shear " ; if the ba s are arranged m " double 
shear " the value would be 2 8,900 17,800 lb. 'I'his is sidli»jeiit 

with nominal binding. 

At end of second bent-uii bar (3 ft. from support) shear force 2,030 ■' 7 

14,210 

14,210 lb. and s - 7, 108 lb. per sti. in. ; therefore, from 

* 8 X 15-5 1 1 » 

Table No. 33, shear to be taken on steel 0 83 > 14,210 r- 11,800 lb 

11,800 

If this shear is taken on binders, the retpiircd value of V is - 7i<>. 

This is provided by J-in. single binders at 4-in. centres at 14,000 lb 
per sq. in. (Alternatively if one of the remaining toj) bars were bent 
down at 30 dog., the resistance provided would lie 0-707 x 8, <100 2 
= 12,600 lb. in double' shear.) 

Main 13 i-:ams. — E ffective span 20 ft. ; clear span iS ft. 9 in (13-in. coJiinin). 
A.ssiime section : 18 in. by 12 in. net. 

Dead loads. Point loads 2 x 330 19 = 20,200 li). 

Uniformly distributed • 3 >am - 216 lb j)er ft. run. 

Slab, etc. - ho ,, ,, ,, 


Total ^ i8| X 276 — 5,180 lb. 

Live loads. I’oint loads : = 2 x 1,500 x 19 -- 57,000 lb. 

• Uniformly distributed (—live load on beam widtli) 

= i 82 XIX 336 -- 6,300 lb. 

Considering the span as equivalent to the centre span of a five-span beam 
system, the moment coefficients can be taken from 'J'able No. 8 : 

Midspan B.M. in. -lb. 

Dcad-Ioad point loads : o-o6i x 20,200 x 20 x 12 - 296,000 

,, distributed load : 0-046 x 5,180 x 20 x 12 — 

Live-load ^xiint loads : 0*115 x 57,000 x 20 x 12 1,570,000 

,, distributed lqp,d : 0 086 x 6,300 x 20 x 12 — 130,000 

Total 2.053,000 

» s 
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Support B.M. : 

Dead-load point loads : 

,, distributed load : 
Live-load point loads : 

,, distributed load : 


in. -lb. 

0 *I 06 X 20,200 X 20 X 12 = 513,000 

0*080 X 5,i8o X 20 X 12 = 100,000 

0*148 X 57.000 X 20 X 12 = 2,022,000 

O-III X 6,300 X 20 X 12 ~ 168,000 


Total = 2,803,000 

Midspan section : Maximum breadth of flange = (12 x 4) +12 — 60 in 
n 0*39 X 19*75 — 7*7 in. ; a = i 7*75 in. approximately. 

K.M. of compression. 

Flange (excluding' stem) 

700 X 48 X 17*75 X 4 


Stem alone 


2 X 7*7 

^ 1167 X 12 X 19*75* 


(15*4 — 4) 1,765,000 in. lb. 

546,000 


Total — 2,311,900 ,, 

Thus the assumed section provides sufficient compressive resistance at midspan. 


/I “ 


2,053,000 


= 6-8o sq. in. 


17,000 X 17*75 
Four ij-in. bars ( 7-07 sq. in.) in one layer 

Support Section. With c not exceeding 850 lb. per sq. in., Aj> - ■ Ac, and 
with d “ 18 in., from Table No. 29, R.M. — 12 x 106,300 --- 1,276,000 
in. lb., which is insufficient. R.M. (per inch width) required 

2,803,000 

— 234,000 in. lb. 

12 

This is given by a section with cZ — 27 in. or a total depth of 31 in. 
(allowing for tension steel in two layers). Hence a 9-in haunch must 
be provided, and A f Ac- 

Uc - 0 87 X 27 = 23-5 in. ; a, = 23 5 in. 

^ 2,803,000 

At ~ = 7*02 sq. in. 

17,000 X 23*5 ' ^ 


— Four ij-in. bars top and bottom. 

Maximum shear force ~ one-half the total load = 44,340 lb. Two ij-in. 
bars bent-up at 30 deg. (double shear) at 16,000 lb. take 
o 707 X 2 X 2 X 20,000 ~ 56,500 lb., 
which is ample. This shear remains practically constant up to the 
point load ; thus the same resistance is required throughout. 


Approximate shear at end of haunch — 


12 X 17*75 


^ 208 lb. per sq. in.. 


which is allowable for main beams. 

Maximum Shear beyond point load = ^(5,180 -}* 6,300) = 1,900 lb., which 
can be safely taken on the concrete. 

The anchorage lengths of, and types of, hooks for the various bars are calcu- 
lated from the data given on Table No. 24, and the points of bending-up or stopping- 
off are determined in accordance with Table IJo. 32. When the detailed arrange- 
ment of the bars has been finally determined, as in Figs. 48(a) and 48 (6), the effective 
depths and lever arms of the various sections may be slightly different from the values 
assumed in the calculations, but these divergencies. would make no difference to the 
steel areas provided. 
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(ii) TYPICAL DESIGN OF FLOOR PANEIv— FLAT SLAB CONSTRUCTION 
(a) With Dropped Panels (Fig. 49). 

Floor panel 20 ft. square, with finish, loading, stresses, etc., as in Example (i). 
S^e Table No. 14 for special formulae, etc. Minimum size of dropped panel 

= 0*4 X 20 = 8*0 ft. 

For convenience, make panel 10 ft. square. 

Minimum diameter of column capital = 0-225 x 20 — 4 ft. 6 in. 

B L = 20 ft. = 240 in. 

= Si, == 240 — 0-67 X 54 — 204 in. 

Loading : Live ~ 224 lb. per sq. ft. 

I -in. Granolitliic 12 ,, „ ,, 

Dead (say) =114 ,, ,, ,, 


w =. 350 „ „ 

Minimum slab thickness to comply with ruling that depth of slab with dropped 
panels shall not be less than 6 in., nor less than [0 00083(240 -j- 240) V 350J i-o 8J 
in. ; hence di^sumed dead load is reasonable. 


Total positive B.M. 


350 X 240 X 204* 
3,600 


- 972 


,000 in. lb. 


0*3 X 972,000 


10 


29,200 in. 


(a) 30 per cent. to«he jirovidcd in centre half 
lb. per ft. 

(^) 35 cent, to be provided in each outer quarter 

0-35 X 972,000 .... 

— — ‘ 68,100 m. lb. per ft. 

^so X 240 X 204® 

Total negatiw^ B.M. ‘ ^60’ ' i,f>25.f^c)0 in. lb. 

0-2 X 1,625,000 

(c) 20 per cent, to be provided in centre half ‘ - 32,500 

in. lb. per ft. 

(d) 40 per cent, to be provided in each outer quarter 

0 40 X 1,625,000 

-- ^ - = 130,000 in. lb. per ft. 

Moments (a), (6), and (c) will control the thickness of the slab between the dropped 

panels ; from Table No. 30, effective depth required -- o o926,^^.^?/3^? — 7 in. 

Slab 8^ in. thick gives d — 7-75 in. for bottom layer of steel and 7-25 in. for 
second layer. 

Moment (d) will control the thickness of the dropped panel : 


d 0.0926A — 9 8 in. 

V 12 


Making the dropped panel ii in. thick gives d " io-o6 in. for top layer of bars 
and 9*44 in. for second layer of bars. 

The slab thicknesses provided give a dead load approximately equal to that 
assumed. 

* Calculation of steel areas. 

In centre half, • 


29,200 

• in bottom at midspan, area - ^ s‘l- 

in. Say, ^-in. bars at 7i-in. centres. 

32,500 

^ in top over column centre line, area = - -- -^o"87~xl 7,060 "" ° 
sq. in. Say, ^-in. bars at 7j-in. centres. 




Section A-A 
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In outer quarteit, 

68,100 

in bottom at midspan, area = 5 0-634 sq. 

^ 7*25 X 0-87 X 17,000 ^ 

in. Say, f-in. bars at 5 J-in. centres. 

. 130,000 

in top over column centre line, area -5 —0-931 

* 9-44 X 0-87 X 17,000 

sq. in. Say, f-in. bars at 5 J-in. centres and f-in. bars at ii-in. 
centres. 

(6) Without Dropped Panels (Fig. 50). 

Assuming value of loading as in example with dropped panels, minimum slab 
thickness [0 001(240 | 240)^350] -f 1-5 = loj in. Providing this slab thickness, 
the actual loading will be : 

live load = 224 lb. per sq. ft. 

I -in. Granolithic -=12 ,, ,, ,, 
loj-in. slab 126 „ ,, „ 

• 

Total -- 362 ,, ,, ,, 

By calculations similar to previous example, the following moments are obtained : 
Total positive B.M. 1,000,000 in. lb. ' 

(a) 40 per cent, to be provided in centre half -= 40,000 in. lb. per ft. 

(h) 30 per cent, to be provided in each outer quarter 60,000 in. lb. per ft. 
'I'otal negative B.M. — 1,680,000 in. lb. 

(c) 30 per cent, to be provided in centre half — 50,400 in. lb. per ft. 

(d) 35 per cent, to be provided in each outer quarter 117,500 in. lb. per ft. 
Moment (d) will control slab thickness : 

Effective depth required o-0926a / = 8-95 in. 

V 12 

A loj-iu. slab gives an effective depth of 9-75 in. for the first layer of 
bars and 9 25 in. for the second layer. 

Calculation of steel areas : 

In centre half, 

40.000 

in bottom at midspan o = 0-292 sq. in. Use J-in. 

^ 9-25 X 0-87 X 17,000 ^ ^ ^ 

bars at 6-in. centres. 

50,400 

in top over column centre line ^ 0-368 sq.in. 

^ 9-25 X 0-87 X 17,000 ^ ^ 

Use J-in. bars at 6-in. centres. 

Ill outer quarters, 

60.000 

in bottom at midspan o — =0-437 sq.in. Use J-in. 

^ 9-25 X 0-87 X 17,000 ^ ^ 

*' bars at 4j-in. centres. 

117,500 

in top over column centre line 5 = 0-857 sq. in. 

^ 9-25 X 0-87 X 17,000 ^ 

Ulc J-in. bars at 4 J-in. centres and f-in. bars at 9-in. centres. 
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(iii) TYPICAL DESIGN OF HOPPER BOTTOM. 

(See Fig, 51 for details and general arrangement. See Table No. 22 for formiilaj.) 

To design the hopper bottom of a coal bunker 15 ft. square, that is, L = R *==* 15 
ft. ; a = 6 = I ft. 6 in. ; // =* 12 ft. : E — 7 ft. 6 in. 

Hence by calculation or scaling, d = 10 ft. 

and sin 6 = = 075 

675 

cos 0 - — = 0-675. 

By drawing the inscribed circle on a normal plan of one side of the bottom : 

D = 8 ft. and Z)| = 9 ft. 6 in. 
h = 15 ft. ; 5 = 4 ft. 6 in. ; and / = 9-5 ft. 

Assuming a 5-in. slab, iv, — 60 Ib. per sq. ft. 

From Table No. 5, for coal, w — 50 lb. per cb. ft. ; — 0-271 

50 X 15(0*271 X 0*675® + 0*675®) + (60 X 0-675) 

“ 495 lb. per sq. ft. normal to slab. 

-- wt. of bottom below C = 8,500 lb. approximately. 

™ wt. of complete bottom ~ 22,500 lb. approximately. 

ir == 5o[2-5(i-5‘ + 15* + V i5» X 1-5') f- (15* X 12)] + 22,500 
, -•= 188,750 lb. 

- ■ 5 o[— (i-S' \ 9 - 5 ^ -1- Vi - 5* x 9^*) )- ( 9 - 5 ’ x I 5 )J + 8,500 
= 9.8.650 11>. 

At criticed sections B.M. — 0-375 x 495 x 8® — 12,000 in. lb. Neglecting effect 

of direct tension, effective depth required 0*0926/^/ say, 3 in. with stresses 

not exceeding 700 and 17,000 lb. per sq. in. Thus 5 in., as assumed, is ample, but 
it is not practicable to make slab much thinner. 

Horizontal reinforcement : N ~ 0 5 x 495 x 0-75 x 9-5 — 1,760 lb. per ft. 
Adopting the method given in Chapter XIV for combined stresses, 

12,000 ^ . 

e ~ — ■2— = 6-8 in. 

1,760 


= 6*8 


+ 0*75 ^ 5*05 in- 


Bs — 1,760 X 5*05 ^ 8,900 in. lb. 

^ 8,900 

At ^ s = 0-143 sq. in. 

^ 0-87 X 4-25 X 17,000 ^ 

„ 1-760 


At*—' 


0-103 


0-246 

Provide J-in. bars at 9-in. centres. 
Longitudinal reinforcement in bottom at centre of slope : 

N = = 3,300 lb. per ft. 

2 X 0*75 X 2 X 9*5 


12,000 ^ . 

^ 0.63 in. 

3..S00 

= 3*63 - 2*5 + 0*75 
j _ 3.300/ 1*88 

i7,ooo\o*87 X 4*25 


= 1-88 in. 

4. = 0*293 sq. in. 

Provide J-in. bars at 7-in. centres. 
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Ix>ngitudinal reinforcement in top of slab at top of slope, 

188,750 

N — 4,150 lb. per It. 

2 X 0*75 X 2 X 15 ^ ^ 

12,000 

e " 2-0 in. 

4.150 

e , - 2-9 - 2-5 + 0-75 - 1-15 in. • 

4,150/ T-I5 


Aj. ^ ( ~ ^ 4 T 

17,000x0-87 X 4*25 


^ - 0 320 sq in. 

Provide .J-in. bars at 7-in. centres. 
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(iv) TYPICAL EXAMPLE OF QUANTITIES AND COST ESTIMATING. 

Quantities are taken-off for one 20-ft. square panel of floor of beam and slab 
construction, as detailed on Fig. 48 (columns excluded). 


Slab 

Concrete. 

20' 0* 

20' 0" 

4" 1333 

Secondary Beams. 

2/19' 0" 

i' 4 ^ 

8^ 

33*‘> 


18' g'' 
8^ 
1'4'' 

167 

Main Beams. 

18' 9" 
I'o" 
I'G" 

28-1 


2/i/ 2' 3" 

i' o'' 
9- 

17 


Total 

2137 cb. 


~ 7*9 cb. yd. 
I -in. Granolithic : 20' o'' 

20' o" 400 


Shuttering. 

20' o'' 
20' o'' 

400 

2/2/19' 0* 


I' 4' 

lOI 

2/18' 9' 


I' 4" 

50 

2/18' 9" 


i' 6 " 


— 

56 

2/2/i/2' 3" 

« 

6 " 

2 

Deduct i' 3*' 

609 

r i' 3 " 

2 

Total 

O07 sq. ft. 


67 i sq. yd. 


Deduct I' 3" 

i' 2 


398 sq. ft. ~ 44J sq. yds. 

Rkinforckment (sec descriptive bending list of details on Figs. 48(«) and 48(6). 


Diameter 

in. 

1 in. 

i in. 

I ill. 

li in. 

I j in. 

Slab 

60 

1,026 



3O9 

242 





Secondary beams 


456 

72 

86 

132 


(3 No.) 




36 







69 



Main beams 

127 


20 



39 

(I No.) 

10 





26 


• 11 





51 


12 





39 







22 







18 

Total length : 

589 

L724 

92 

191 

T32 

195 ft. 

Weight per ft. : 

0 - 2 Gi 

0-376 

0-668 

2-67 

338 

6-01 lb. (see Table 







No. 26) 

Total weight 

154 

648 

62 

5^0 

446 

1,171 lb. 


Total weight of reinforcement (allowing for rolling margin) : 

Below f in. ~ 864 lb. — 7J cwt. 
f in. and over = 2,127 ~ ^9 cwt. 

Costing : The foregoing quantities are transferred to thfe following schedule and 
priced out at rates based on inclusive prices given in current periodicals. 



SCHEDULE OF QUANTITIES. 

Beam and Slab Construction. 

Item No, Description. Quantities. Rate. 

1. Mixing and placing concrete, mix C, in slabs and 

beams (rough screeding only). cb. yd. 7*9 46s. 6d. 

2. Close-boarded shuttering to soffits of slabs, and 

sides and soffits of beams and haunches, 

yd. sup. 67^ 6s. 6d. 

3. I^ovide and lay i-in. granolithic surfacing. 

yd. sup. 44i 2s. 6d. 

4. Provide, bend, and fix reinforcement in bars less 

than t in. diameter including tying wire. 

cwt. 7I 16s. 6d. 

5. Ditto I in. and over. cwt. 19 155. 


Total. 
£ s. d. 

18 7 O 


21 17 8 

5 10 8 

6711 
H 5 o 


Total estimated cost per panel 20 ft. square. 


;C66 8 3 


Inclusive estimated cost = 30s. per sq. yd. 

These inclusive rates for both the concrete and the shuttering can be derived 
as follows : * 

Concrete. 


s. d. 


4-in. slab : 44 J sq. yd. at 45. 6d. - 199 2 
Beams : 80 cb. ft. at is. qd. ~ 140 o / 


Average — 


339s. 2(1. 


s. d. 


339 2 


= 43 o per cb. yd. 


Add for hoisting, etc. = 36 


Shuttering — 


Total 46 6 


Slab soffit : 340 sq. ft. at 6d. 

Beam sides and soffits : 260 sq. ft. at lod. 
Extra for haunches : 5 lin. ft. at 3^. 
Forming chamfers : 160 lin. ft. at 3r/. 


5. d. 
170 o 
216 8 
I 3 
40 o 


428 

Average = say, 6s. 6d. per sq. yd. 


427 II 


The following schedules are for the quantities taken off the alternative designs 
of flat slab construction illustrated in Figs. 49 and 50. Some of the price rates differ 
from those adopted for the beam and slab construction schedule, the modifications 
being due to the following considerations : 

Concrete : rate reduqed as placing in slabs only (without screeding) is cheaper 
than in beams. 

Shuttering : rate reduced as there is less labour in making flat soffits than 
in forming beams and haunches ; rate for flat slab without dropped 
panels is less than rate with dropped panels. 

Reinforcement : rate for bars j in. and over increased as there are no bars 
• over f in., hence more bars per cwt. to handle and bend ; decrease in 
rate for bars under f in. because all are J-in. diameter. 
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« 

Flat Slab with Dropped Panels. 









Total. 

Item. 

Description. 

Quantity. 

Rate. 

£ 

s. 

d. 

I. 

Concrete Mix C. 

yd. cb. 1 1 -I 

44s. 

24 

8 

5 

2. 

Shuttering. 

yd. sup. 45J 

5s. 6 d. 

12 

8 

II 

3- 

I -in. granolithic. 

yd. sup. 44j 

2s. 6 d. 

5 

10 

8 

4- 

Reinforcement : under 4 in. 

cwt. 13 

1 6s. 

II 

8 

0 

5- 

Do. J in. 

cwt. 7 

15s. Od. 

5 

8 

6 

6. 

Extra for splayed column head. 

No. I 

40s. 

2 

0 

0 

Total estimated cost per 20-ft. square panel 



4 



Inclusive estimated 

cost ~ 27s. Gd. per sq. 

yd. 





Flat Slab without Droppj-d Panels. 









Total 

Item. 

Description. 

Quantity. 

Rate 

£ 

s. 

d. 

r. 

('oncrete Mix C'. 

yd. cb. 12-9 

44.S. 

28 

8 

7 

2 , 

Shuttering. 

yd. sup. 44 i 

5-5. 

T I 

I 

3 

3- 

r-in. granolithic. 

yd. sup. 4-1 1 

2s. Gd. 

5 

10 

8 

4- 

Reinforcement : under J in. 

cwt. 15 J 

iGs. 

12 

8 

0 

.5- 

l>o. j in. 

cwt. 5, 

15.9. Gd. 

3 

17 

6 

r>. 

ICxtra for splayed column Jiead. 

No. I. 

40.9. 

2 

0 

0 

'total estimated cost ])er io-ft. square panel. 


£^3 

() 

0 


Inclusive estimated 

cost iHs. i)d ])er sip 

yd. 





'riioso indiisivc costs per unit area arc connnciitecl upon at the couclusian of 
Chaj)tcr IV. 
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PART III 

DESCRIPTIVE BIBLIOGRAPHY 

This section has been compiled to direct the reader to some of the most suitable and 
accessible sources of information that may supplement the present volume, but 
cannot be considered in any way a complete bibliography of works dealing with 
reinforced concrete design. A few of tlie references may lead to authorities whose 
])oints of view, althougli contrary to those expressed in this handbook or, opposed 
to accepted practice, arc worthy of consideration. Wliere convenient, British texts 
are referred to in preference to foreign, since the former arc usually more accessible. 

J’lJMMsiiiiKs’ Notk ; Any of the books mentioned can be supplied by The Book 
l)('partmcnt of Concrete I*ublications, Ltd, 20 Dartmouth Street, London, .S.W , on 
ret eipl of a remittance for the published i^nce, plus Gd. per volume to cover postage 
to any address in the world on books costing more than 25., or on books costing 25. 
or ie.ss. Proceedings and papers of professional institutions arc not supplied, 

I. — Reinforced Concrete Engineering. 

(iKNKRAL Authorities. — (The references given in this section are to works that are 
freciuently lefcrred to in the text or in this bibliography, or will otherwise be 
of u.se and interest to the reinforced concrete cnginc<5r.) 

" Regulations of the J^oiulon County C ouncil in respect to Riiildings of Reinforced 
CVmcrete ( - L CH'. Regulations) 

“ Restimmungen dcs Deutschen Ausschusses fur ICisenbetonbau ” (i9-5) 

( (German Regulations). 

“ Building Science Abstracts ” (=-^ B S. Abs.). — A monthly journal published by 
the Department of Scientific and Industrial Research, giving resumes of the subject 
matter in the latest technical periodicals iind books (qcZ. net). 

“ C'oncrete and Constructional Engineering" (-="C. & C.E.") — A monthly 
journal devoted to the practice of concrete engineering (15. Gd . net). 

" Proceedings of the Institution of Civil Engineers" Proc. I.C.E.). 

" British Standard Specifications" (— B.S S.), issued by the British Standards 
Institution (various prices). 

" I'roccedings of 27th annual meeting of the American Society for Testing 
Materials."— Standard Specification for Concrete and Reinforced Concrete compiled 
by the Joint Committee of the Am. Soc. of Civil Engs. ; Am. Soc. for Testing Materials ; 
Am. Rly. Phig. Assn.^ Am. Cone. Inst. ; and Am. P.C. Assn. (— American Joint 
Committee). • 

" Illustrated Technical Dictionaries " ; Vol. 8 (Reinforced Concrete).- — A dictionary 
of technical terms in German, English, French, Russia’^, Italian, and Spanish. 

" Joint Committee on Reinforced Concrete " (2nd Report, 1911), Royal Institute 
of British Arcliitects (= R.I.B.A. Report) (4s.) 

" Bctoii-Kalendar," Parts I and II ; issued annually (7.50 R.M.). 

" Ilandbiich fiir Eisenbetonbaii," — A comprehensive multi-volume consideration 
of the theory^ and practice of plain and reinforced concrete. ^ 

Architecture and Economy. 

" Arcliitcctural Design in Concrete." by T. P. Bennett. — Illustrations of buildings 
in various parts of the world (30s.). ^ ^ 

" Ideals of Engineering Architecture," by C. E. Fowler. — Useful photographs 

272 
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of and comments on reinforced concrete bridges, power houses and towers, and 
remarks on ornamentation. 

“ Reinforced Concrete Construction " (Vol. Ill), by G. A. Hool. — Photographs 
and critical comments on bridge architecture (305.). 

" The Bridges of the Rhine,’* by Karl Mohringer. — Architecture and the adoption 
of various constructional materials to bridge construction. 

*‘ Practical Points in R.C. Design," by E. A. Scott (an unpublished paper read 
before the Institution of Civil Engineers, Glasgow Students’ Section, 1927). — ^A com- 
prehensive- study of the various factors affecting economy in reinforced concrete 
design. 

" Engineering Failures and their Lessons," by Edward Godfrey. — Interesting 
and controversial papers on weaknesses in the design and construction of reinforced 
concrete structures. 


II. — Loads. 

Dead and Live Loads. 

" L.C.C# Regulations" for live loads on buildings in London. 

" Arrol's Reinforced Concrete Reference Book,” by E. A. Scott (165.). — Com- 
prehensive list of dead and live loadings, with a review of data adopted in other 
countries. , 

"Code of Piactice for Structural Steel " — London Building Act (1930). 

Wind Pressure. 

” Transactions and Notes of the Concrete Institute," Vol. VI, Part II. — A paper 
read by Mr. G. Keevil (1915), gives a comprehensive survey of practice and experiments 
on wind pressure on structures. 

" B.S S. No. 153, Part 3." — Wind pressure on bridges. 

" Arrol’s Bridge Eifginoer’s Handbook," by Adam Hunter.— -Particulars of 
experiments made in connection with the Forth Bridge. 

" Proc. I.C.E." Vol. T71. — Description of experiments made at the National 
Physical Laboratory. 

"Code of Practice for Structural Steel" — London Building Act (1930). 

" Kempc'sEngincer’s Year Book." — Intensity of wind pressure on brick chimneys 
(31S. 6d .). 

Moving Loads. 

" B.S.S. No. 153, Appendix No. i." — Standard highway load. 

Ministry of Transport Standard Loading for Highway Bridges. — For application 
of the "equivalent loading" to various types of structures, see article by G. H. 
Hargreaves, " C. & C.E.," Dec. 1931. 


Impact. 

" B.S.S. No. 153, Part 3 " — Formula for highway and raifevay bridges. 

" Bridges of the Rhine," by Karl Mohringer. — l^articulars of impact factors 
allowed in various parts of the Cologne-Mulheim Suspension Bridge. 

Point Loads. 

"^^einforced Concrete Construction " (Vol. Ill), by G. A. Hool (30s.). — Gives an 
American method and an account of investigations on the dispersion of point loads 
on slabs. 

" Journal gf Institution of Municipal and County Engineers " (1926). — Dispersion 
of point loads on slabs is considered in an article by Sir E. Owen Williams. (This 
article was reproduced in " C. & C.E.," May 1926.) 

" Arrol’s Reinforced Concrete Reference Book," by E. A. Scott. — Proposes an 
amended dispersion foynula. 

(See also the bibliography of M. Pigeaud's method given in Section IV.) 
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HI. Horizontal Pressures due to Contained Materials. 

• TjH:oRkTlCAL I^kkssukks. 

" 'I'heory of Structures," by E. S. Andrews (135. (hI. net) — General consideration 
of Rankinc’s Theory. 

" Design of Walls, Bins and Grain Elevators," by M. S. Ketchum. — Gives 
derivation of the ( oulornb 'L'lieory and development of the Kankine and Cain formul®. 
(Note that factors given by Retchum in application of the formuhe are primarily for 
steel structures.) 

" Mining Structures," by M.. S. Ketchum.- —Gives a resume'^ of " Walls, Bins and 
Grain JClevators " with reference to the ])re.ssures on retaining walls and the walls of 
shallow bunkers. 

" Earth JTessiires, Walls and J^ins," by W ('ain (145.) 

" Handbiich fiir I^iseiibetonbau."— thves formula.' for ])ressurcs and properties 
of various mati'i'ials. 

GjO-MUIK AL DhTJiRMINATION. 

" Structural JCngincering," by J. Husband and W. Tlarby (lO^ net). — For 
Rebhaun's graphical .solution of earth pressure ])robleins. 

" Stability of Retaining Walls " (paper read before the Association of Yorkshire 
Students of the Inst, of Cavil Engs by ihofessor Char nock). — Gives a proof of Rebhaun’s 
I’onstruction. 

ICxiucKiMhN lAL Data. ' 

" Some Earth Pressure Theories in Relation to Engineering Practice " (paper 
by fA.-C'ol. |. Mitchell Moncnelf, before the Institution of Structural Engineers (sec 
" SlriK'tural ICngineer," i<i2<S). 

" Proc I C ," V^ol i()() (1015) - 'A Tv Bell’s consideration of pressures diu' to 
clay and formula' for use* in rlesign. 

" Proc 1 (' E ," Vols 203 .uul 2o<) -For papers by W M. ('rosthvvaite on earth 
pre.ssun's, vi/ “ ICxperimeuts on ICarth i’ressiires " and " Experiments on the hori- 
zontal Pressure of Sand " 

FLi'.xinLic Wat.ls. 

" Proc. 1 C.K ," Vol 226.- -I’apcr by R. N. Stroyer on horizontal earth pressures 
on flexible walls. The regulations of Danish Society of JCngineers a’c given as an 
ajipendix to this Papei . 

" ('oncrete and Constructional Enginei'iing," October and December, 1929, 
Articles by R. N. Stroyer. 

Dkicp Silos. 

[Reinforced Concrete Design," by G P. Manning (21.9.). — For dcriv^ation of 
Janssen’s formula. 

Design of Walls, Bins and Grain Elevators," by M. S. Ketchum. — Comparison 
of Airy and Janssen’s formuhe. 

" C. & C.E.," 1922.— A summary of factors affecting pressures in deep silos. 

" Proc. r.C.lC ," 13 1. — Airy’s paper on pressures in deep silos. 

" Kempe's Engineer’s Yearbook." — Article by A. Drew on pressures in deep silos'. 

" Handbiich ftir Eisciibctonbau ’’ (Vol. 14) (i()-5o R.M.). — Gives details of design 
and construction of silos. 


IV. -Bending Moments and Shearing Force. 

Theory. 

" Theory of Structures," by A. Morley (12.9. Cxi. net.). — For derivation of simple 
bending moments and shear force ; derivation of Clapeyron’s Three Mbment Theorem ; 
relation between load, shear, moment, slope, and deflection and derivation of formulae 
for general and particular cases. 

" Arrol’s Reinforced Concrete Reference Book," by E. A. Scott (i6s.). — Formulae 
for numerous common loadings on cantilevers, free and fixed bfeams, for shear, moment, 
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and deflection. Mr. Scott also quotes M. Maurice Levy with regard to " Fixed 
Points." 

"Strength of Materials." by A. Morloy (12s Cnl: net).- -Gives .1 method for 
determining the moments in a continuous beam with varying moment t)f inertia. 

" Kontiiiuieiiiche Trager Tabellen," by G Ciriot. — J ),ita for cdiisIi lu ting influence 
lines for beams continuous over equal spans or over a system of .si)ans having sym- 
metrical inequahty. 

" L.C.C. Regulations." — Moments in continuous bbams 

" German Regulations." — Moments in dabs continuous over supports. 

" Engineering Record," Nov. (>. 1907.- -A meUiod of determining deflection id 
reinforced concrete beams (quoted in " Kempe’s Engineer's Yearbook 

Ruci'ANGULar Slabs. 

" R.l.B A. Re])ort," /\])pen(lices TTI, VII and VIII -Consideration ol the 
Grashof and Rankine and tlie h'rench (iovernment formul.e, aiul Bach’s theory ot 
flat slabs siqiported on all edges and uniformly loaded. 

"Reinforced Concrete Construction" (Vol. 1 ), by G. A. I fool (r7.<r (W ). — 
Derivation Of Grashof and Rankine Rule. 

" Manual of Reinforced Concrete," by C. F. Marsh and W. Dunn (2 ns* ) -Gi/es 
curves of the Grashot and Rankine rule extended to various conditions of fixity at 
the edges of rectaiig'ilar paiu'ls 

"The Strengtii of Rectangular Slabs," by Iiigersh‘\ (pajUM* read before the 
Concrete Institute, Di‘i 1922) — Gives the author’s proposeil formula .ind a coinji.ira 
tivc chart of most of the acknowledged rules. 

" Joint Committee Rcfiort " -For AmcrKan formula. 

" Aniiales des Punts <c Chaiissees Franc.iis," Feb i(>2i. — Publication of the 
method proposed by M. Pigcaud. 

'" Reinforced Concrete Brulges," by W. T. Scott (2S9. net). — Gives M. Pigeaud’s 
method (in English). * 

" C. & C.E March, April, and May, 1930 — Articles by W. L Scott on 
M. Pigeaud's method. 

Flat Slabs. 

" Concrete Engineer’s 1 laiidbook," by G. A. llool and N. C. Jolmson (30.'? ) — Gives 
most of the United States rulings. 

" Arrol’s Reinforced Concrete Reference Book," by 1 C A. Si.ott (165 ). — Comparison 
of various United States and Continental rulings. 

" German Regulations " — For accepted German practice. 

" Standard Specification for Concrete and Rcinfon ed Concrete " (published by 
the Canadian Engineering Standards Association). — Detailed regulations for flat-slab 
designs. 


V.- Framed Structures. 

Tulory : (1) Slopk-Deflkction Method. 

" Analy.sis of Statically Indeterminate Structures by the Slope Deflection Method," 
by Wilson, Richart, and Weiss (University of Illinois Bulletin No. 108). — C'ompre- 
'hensive mathematical treatment, establishing the fundamental formuhe and ajiplynig 
them to numerous cases. Bibliographical references arc given in footnotes. 

" Concrete Engineer’s Handbook," by G. A. Hool and N. ('. Johnson (30^.). — 
Gives a r6sum6 of Wilson, Richart, and Weiss’s work. 

"..Reinforced Concrete Reservoirs and Tanks," by W. S. Gray (los. net). — Apjfli- 
cation of slopc-cleflection formuke to practical problems. 

Theory : (ii) Principle of Least Work. 

" Elastic Stresses in Structures," by E. S. Andrews. — Gives the development of 
the formulee from Castigliano’s Theory, being a translation of Castigliano’s " Theorem 
de I’equilibre des syst^mes elastiques." 

" Theory of Structures," by A. Morley (12s. Gd. net). — Application of fundamental 
principles to portal frames. 
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“ Stresses in J^ortnls and Similar Structures," by T. C. Brown (" 7 'hc Engineer," 
0( t 15 ct seq., 1920). 

I ’ka( 1 it AL EoKMi/r .1-: 

" Kahineiifonnoln " (25.S ) and “ Mehrstieligorahmen," by A. Kleinlogcl — 

Eunmilm for practically all types of irames and loadings 

“ Arrol’s Reinforced ('oncrete Kelerence J^ook," by b' A Scott (165 ). — Formuke 
and tabulated factois for porteds and interior and exterior coliiinns 

" Reinforced ('oncrete Simply Explained," by Oscar J‘aber (5.9 ). Factors for 
a|)]>lication to exterior columns 

" American Joint C'ommittefc l<e]>ort " Gives Gnited Statics iorniiike for c.d- 
( ulating moments in columns (also guen in " C. iS: (' E ," lo-.S) 

" (iiTinan Kegiilatioiis " ((k'rman formula) -(Also given in “ (' A (' E ," r<)2()). 
“ (iuia ‘ ICl C'onstiuttor —Gives the Mendo/a Regulations which intlude a 
methotl ot allowing lor bending m exterior columns 

ICaki Mgi;AKi>Hi':srsTiN(. Sruia i uri-:s 

“ ICarthijuake Resisting ( 'onstnu tioii " (Bullelm No ih, Aia.kland (N.Z.) 
University College) - -A revu'w of eaTtlKjiiake proof design 

" ICai th(|u.ike-j)roof Strut t iiies "- — 1 ‘aper read by Mr J 1 1 ) Dcwcll befoi'c the 
Inteinational ('ongress ol Metallic Sti m lures, 

" Guia ‘ Icl ('onstructor ’ " -Gives Meudo/a Regulations tor carth(|uake-j)rt)of 
striutures; summari/ed in article in “C & C E May/ lojr. 

" R('])ort ol Budding RegiilatK'uis Committee." —New Zealand (193 r). 

“ Amendments (i<i-'i) to the Building Law of 'I'okyo, ja])an," by Dr Nailo. — 
(iives retiiurcments ol constnution for tMith(|uake-])root slruttiues in timber, buck, 
steel .Liid nunlon.ed concrete 

(.il'Nl.KAL. 

" ('oncrete, IMam and Reinforced," by Taylor, Thomp'^-on iind Smulski ■ -Detc'r- 
mmation of moment ol inertia ol 1 ein forced ctmc rete sections \'ol 1, 40s ; \ ol 11, 
.(7‘. (u/ 

" Remfoicc'd C'oncieti' Ihidges," by \V 1 . Scott (jS.s net) — (iives di'tails of 
limgt‘s used ill concrete stmt tines 

" K 1 BA Report," Appendix \' - Moment of imutia ol reinforced ccjiicrcte 
sections 


VI. — Foundations. 

Gknickai,. 

“ h'oundations," by W Simp.son — 'r.)eals solely with methc:)ds of and aj)]diances 
loi the cxainiUiiticjn and testing ol ground ; eontaiiis a goc:)cl bibhograjihy. 

“ h'oiiiid.itioii Rrcssures " (‘‘Budding," March IC427) — A niethocl cjl testing 
ground by driving tc'st jiiles. 

“ ('oncrete* Year Book " ( p; G/ net) — Gives a table of standard s]daycd footings. 

“ Rroc. ol 1. c;f Ct?v.," Vol 128 — jiendmg moments and shear loiees in wall <ind 
pier foundations. 

" vVrrol's Ihidgc and Structural Engineer’s Handbook," by A J luntcr -—Bearing 
values ol various soils ; cacs.son foundations ; the section headed " Notes on Founda- 
tions " tabulates much useful data with legard tc:) tl.e fcHindations ol a number of 
important structures. 

" Reinknced ('oncrete Reservoirs and I'aiiks," by W S. Ciray (10.9. net). — Design 
of found. itions for stnictuies in mining areas. 

" Theory of Structures," by A. Morley {12s. bd. net).- -Derivation of " spewing " 
formula. 

Bilks. 

" llandbuch lur Eisenbetonbau " (VM HI) (22-50 R.M ). — Gives about sixteen 
pde-clriving fcninuke with comparatives notes; eficct of shoe shapes. 

“ Engineering," March and June, 1925 ; Mr. A. Hilcy’s formula dc'.scribed. 
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“ StnitUiral Engineer,” Vol. 8. — “ I'ile Driving Calculations," by A. Ililey ; 
notc^ on drjviiig forces and ground resistance 

" Notes on L'oundations and Erection " (p.iper re.id before the Jnstitution of 
Structural Engineers, November 1929, by J. McCarthy).— Application of Ibley 
lormula to an important building. 

" Arrol’s Bridge and Structural Engineer’s Handbook," by A Hunter. — Eriction 
])il{‘ formula. 

" Pile Eorniuke," by J H Nicholson (" Selected hhigmeering Pai)ers " No .1O75, 
Inst (d' C IC) 

" d'he rV'^ign ot Pdes," by G. B. R Pimm ( “ Selected Engineering Papers," 
No. 4<w)3, Inst of (' h'- ) — Advant.ige of tajiered ])ile.s 

" Pile Drning and the Supporting Ca]).i(aty ot Pdes," by K Bennett (Selected 
hhigine(‘ring i'ajiers. No. 4803, Inst ot (' E ) 

" Proc. of Society" of TCngiiU‘ers " (192 1 ) - -I'wo ])apt‘rs wtTe re.id de.scnbing 
investigations on the jiliysical iiroperties of cl.iy in relation to ]ide driving, by 
A S h 3 Ackerniann and Lt -('ol if. R Txmlly (C'ormdl Pmvcrsity). 

" 'J’hc l<.esislanc(‘ ol a Ciroup of I^iles," b\' II W Westergaard (p.qu'r n^.id before 
Western Sccii'ty of ICngineers, Chicago) — Makes ]),irticul.ir reference to inclined 
j)iles. 

" Kempe’s Engineer’s Ye.ir Book " (315. (xl ) — Gues a selection of pile formul.e 

VII. ^Retaining Walls and Containers. 

" M.irine Structures in Concrete," etc \ siuies of articles by R. N. Stroyer, 
" C A" C 1 C." r92cS , (piote.s dat.i gi\en by A h'n'und 

"Proc of 1 ol C E." (\'ol 31). -IN'scription of ('.\]H'riments made by' | 

S.nidem.an on the n'sistance of piles subp'ct t<j a hori/ont.d pull 

• " Arrol’s Bridge and Struc tural ICngineer's Handbook," by A ifunter 'I'he 
Imldnig ])()\ver of anchorages in eaith 

" Rein foi cod Con('r(''\(' Rc'seivoirs and T.inks," by W. S Ciray (ros net). 

" Handbiich fur ICiscMibetonbau " (Vol V) -Monumts in tank walls ; mcdliod 
dovelojied by Hr. Reissner 

" A C.E June. 1929. — Article by H. Car[)ent(‘r giving the ,i])phcation of 
Hr. Reissncr’.s metliod 

VIII. Bridges, Buildinj^s, and Other Structures. 

AkC1I1’-S 

" Reinforced Coneiele Bridges," by W L Scott lud) — Design of hinged 

and fixed arches 

" Reinlorced C'onerete Con.slructi(.)n " (Vol HI), by (b A Hool (^xs) — .\na lysis 
of arches of any ])rolile. 

" Handbiith fiir Eiscnbetonhau " (Vcd. 7) (3S RM) — Design and construction 
of arch bridges. 

" Recent Devclofimenls in Arch Design," by W L Sec.)tt (" C & C E ," J931) — 
Suggested modifications to the usual assuni])tions for ,'i])]dicati?)n to long span arches 
' " Red n forced Coiu^.rete Design," by (i P. M.inning (215) -Design of archers ot 

all shapes (see also this author’s article's in " C A (' E 1930 & ie>3i) 

" l.)er Be:)gen unel el.as Brucken-gewedhe," by Dr. Str.assner.- -Method of .arch 
design. 

Concrete, Plain and Remfejrceel ’’ (Vol T, 405. ; Vol. If, 37s. Or/), by" I'aydor, 
J'hompson and Snmlski — Strassne*r’s mctlie^d of arch analysis 

" Arched Brielges with Fixed Sup])orts,'’ by H. ('arpenter (" C. & C E ," 

— Apphe_atK_m*of Strassner's method 

Gikukk Bhijx.i s 

" Jenirnal of In.stitution of Municijial and County h 2 ngnieor.s " (19^0) — Article 
by Sir Owen WilliciTn^i on economical de.sign of girder bridges (abstract in " C. A 
C.E.," May, ie426). 
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" Kcinforccd C'-oncrete Brirlf^es/* by W. L. Scott (285. net). 

“ I(UmIs of JCiipfinccrin^ Architecture,” liy C. 1 C. Fowler. — Bridge ])iers, with 
p.irtiriil.ir reference to the .shapes of cutwaters. 

CtJLViiRTS. 

” K.dinieuforiueln,” by A. I'Cleinlogel (25s.). — Forniuhe for culverts with constant 
and varying moments of inertia. 

“ IJnsymmetncal Loading of Box Culverts,” by (C II. Hargreaves (” C. & C.IC.,” 
Nov. 1031) 

Buildin(;s. 

” Reinforced CConcrett' Construction ” (Vol. 2), by G. A. llool (30.9.). — Details 
ol United Stales building ]iracticc. 

” jMining Stiiiclnres,” liy M S Ketchum. 

” ('oncrete Year Book ” (3^* Gd. net). — Hollow tile lloors. 

” R(‘inlorced ('oncreU; Design,” by G. B. Manning (215.) — Hollow tile floors. 

Roads. 

” ('oncrete Year Book.” - De.scription of British methods of concrete road con- 
struction 

“('oncrete and ('onstructional Engineering” (d) 2S 31). — Article-, by K. A. B. 
Smith. 

” Concrete Road ('oirstmction in Argentina,” by (.'has Reynolds (” ('. ^ C'.IC 
Dec.. 1030) * Design, construction and materials 

” B S S. No /(), 1030 and 1931.'' — ^ 1 '<irs foi ro.id purposes. 

(.ilvNICRAL. 

” Reinfon'ed (Aincrete Reseivoirs and I'anks,” by W. S Gray (ro.s net) — 
I'ypi^ .d details of joints in tanks, walls, floors, etc. 

“ Reinforced ('oiK.nde Design,” by (i V Manning (2 r s' ) h'sign of iniscellaiu’oiis 
struct iires 

” 'The Design of k'erio-Coiu rete ('lumneys,” by 'I'aylor, Glenday and Faber 
(” ICngineering,” Man h 13, nio.S). 


IX. Concrete. 

M A rrRi.M.s 

” BSS No 12, 1931 ” L.itest British Stand. ud .Spccitication for J’ortland 
Cement. 

” \ Hundred 'Wars of rortland Cement (1824 1924), ” by A. ('. Davis (215) 

'■ 'The M.iknig .iiul 'Testing of J\)rtland Cement” ([inbhshed by G. and T. Farle, 
Ltd) -Full jiaiticnlars of modern cement maniif.ictiire, with details of testing 
nudhods and ajijiliances, and notes on the etlcct of v.irioiis factors on the ultimate 
strength of mortars and concretes. 

“ I’etoii Kaleiider,” I’.iil 1 -Coves cement specitications ot the leading countries 
of the world ^ 

” 13 S S.,” No i^t) — Coitland Blast-furnace ('ement. 

” T. C('. Regulations ” — (rener.d recpiiremcnts for suitable aggregates including* 
list of jivohibited materials 

” K.I.J 3 A. Report ’’-Ditto 

” Americ.in Joint Committee Report ” — Grading of tine and coarse aggregate. 

BSS,” No. ()3.--Si/es of broken stone and chippings. 

Mixlern Methods ot Concrete M.iking,” by E. S. Andrews and A. E. Wynn 
(rs.) - A complete account of the use ol the vvater-ccnient-ratio and grading by 
Jmencss modnhis . 

I ’Koi’KuriKs Ob' CoNcKi. ri'. 

” B S. Abstracts ” - References to the activities and conclusions of various 
investigators engaged on research work dealing with the properties of .cement and 
concrete, e.g. Young’s modulus, compressive and tensile strengths, etc. 
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“LC.(‘.. Kcgulations."-- -Allowable working stresses (conservative practice). 

“ (kirman Regulations.” — Give working stre.sses for various conditions of design. 

” Revue des IMateriaiix de ('on.struction et do I'l-avaux rublics,” 1030. — PaiJer 
by ^\. li. Foret with retercncc to the relation Ixdwoen the compressive and tensile 
strengths of concrete. 

” Concrete Fnginccr’s Handl)ook.” by G. A. Ilool and N. C. Johnson.- Gives 
results of expe riments carried out at Cx)rnell University in iQib with reference to 
tlic coelhcient of ex])an.sion of concretes. 

” Some M(‘th()tls of Securing Impenncability in Concrete.” — A ]>ap(‘r giving a 
comprehensive study of tlu* question, read hy E. S. Andrews before the Concrete 
1 iistitute 

” Plastic Yiehl, Shrinkage, and other problems ot Concrete,” by O.scar Faber 
(Vol. 225, I’roc of 1 of C.IC.). 

” Studic.s in Reinforced C'oncrcte ” (Technical Papers No i r and 12 (t.s' net each) 
of the Puilding Research Station), Watford -—Give latest conclusions arrived at m 
the course of investigations on shrinkage and jilastic flow. 

” Rajiid Hardening Cements The publications of the Puildmg Research 
Station contain test results of various tyjies of ceimmt used in their exiiernnents 
Al.so, in ” C tS: C.E Mar 1930, Sir Owen Williams gives comjiarative r(‘siilts of 
tests made on commercially siqijilied British rapid hardening cements. 

^ X. Reinforcement. 

” Steel for Bridges and Cieneral Building ('onstruction ” (B.S.S. No. 15, 1030) 

” Hard-nrawii Steel Wire for Coneretc Reinforcement” (B.S S No. 1020) 

“ 'I'ests on High Tension Steels in Reinforced C'oncrcte Design ” — A jia])er r(‘ad 
beloie the ('oncretc Tnstitnle m 1921 bv H. Keinjiton Dyson. 

Horrnigon Arnnido,” Vol ill, April and May r93o —Article by Ch<is E Rey- 
nolds on the relative economy of rolled b,irs an<l (old drawn welded mesh in floor 
construction. • 

"LCC' Regulations” .\llowable sliess in reinforcement and jiarticulais of 
griji length, liooks and anchorages 

” Strength of Mateiials,” by A. Moiiey (r2s (h/ net) — l^irticulars of methods 
and appliances for testing steel 

” B S S No ^() ” — Definition of yield point and elastic limit 

XI. Reams and Slabs. 

” IClemeiil.uy Priiicifiles of Keiiiforced (amcrete ('onstruction,” by JAvart S 
Andrews (7s' (n / ) — Derivation of fundamental resistance formula^ for rectangular 
sections in a(.c()nlancc with (a) “straight line no tensnm ” theory, and (h) non - 
rectilinear .stress flistribuiioii (eg. parabolic) ; aI.so formula* for T beams and be.iins 
with compressive reinforcement. 

“ ReinfoiT('d C'oiicrete Design,” by J^'aber and Bowk* (\'ol 1 . I heory, 115 ; Vol 11 , 
Practice, kSs ) Study ol elementary principles. 

XII. Shear. 

• ” KTBA Reiiort ” -Appendices discuss .shear action in reinforced concrete 

beams Recommendations of the Jteport .allow the concrete to lake its full amount 
of the shear unless extra security is required 

” L C (' Regulations” — Regulations referring to stresses and arrangement of 
reinfori^emcnt 

” German Regulations ” Typical of Continental practice, but consid(.*red by 
many foreign engineers as too severe. 

“ Reinforcc^i 11*11 1 for Shear in Reinforced Concrete Beams,” by Edward Godfrey 
(paper read before the Institution of Structural Engineers, Feb. 22, 1923, and re- 
printed in Godficy’s “Engineering Failures”). — An interesting, comparative, and 
controversial discussion. 

“ Reinforced Concrete Beams in Bending and Shear,” by 0 .scar Faber ((js ) — 
Gives useful results of tests on beams. 
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XIII. Columns. 

“ Iv (. C. " - ('onscrviitivc rcj^iilatioiis for tin* ck’sigii of columnb. 

" Cicrinan Kt'^^iilations " Slender columns. 

" Re^I.imento par.i calculo, constriiccion y priicl)a do las obras de hormigon 
aimado" (Ai7»entiiu' Kej^Milations) — Give the slender-coliimn formula that vviis in 
tlie enrlier Oerinan Regulations, and that is referred to in the present book as that 
us'‘d in C'ontmental ]^r.ictice*. 

“ Arrol’s Reinforced ('onercte Reference Hook,” by K A. Scott (i()S.) — C )in- 
p.iTison of lorniul.e for slender columns 

” Arrol’s Hridge and Structural luigineei’s Jiandliook,” liy A. tlunter. — Coi i- 
])reh(‘nsivc; list of sections with radii of gyration, etc 

” Rmniorced ('oncrete ” (too<)), by (' E. Marsh and \V. Dunn — Tests on 

hoo])ed (.oluinns 

” Ja‘ (icnie ('ivil,” Nov and l)(‘C. r«)o2 ;iud Jan. i<jOjj — Articles by M. Con- 
sideie on his tests on lioo))ed ('olumiis , r(‘sults afterwards incor])onited m book 
torin and published m I'.nglisli ; abstnu t cif the test results given m ” JCnginecring 
Rec ord,” Di*(' i()02 .md Jan i<)03, also in Marsh and Dunn’s ” J<einfoicv/l ('oncrett' 


XIV. Combined Stress. 

” ('oinbined Ik'nding and I^irect Eorces,” by Chas. E. Ri‘ynolds (” C. & C E 
(illy io.d) Di-nv.ition of the forniuKe given in the ]^il‘sent volume, with curves. 

” .\rrors Hridgc^ and Structural Engineer’s U.iiulbook,” — Entirely analyticed 
nu'thod contributed by ('has. 1C Reynolds. 

“('oinbined Ikmdmg and Direct Forc(‘,” by ('has. E. Reynolds (“ (' cS: C E 
Dec' 1025) -A piMctic'.d method of design and analysis of rectangular sc'ctious 

“ Arrol’s Remlorced ('oncrete Relerentc'. Hciok,” by JC A Scott (lO.s'.). -Tables 
giving the sc'ction moduli ol various reinforced concrete column sections. 

[Most of the methods advocated in the st.indard texf-books involves the use of 
complicatecl forimila' or the; possession of elaborates cuivts ; the treatment is usually 
lestricled to given co\'er ratios, to eejuahty <^f tensile and compressixe reinforcements, 
and to a given modular i.itio 'L'he derivation of the impr.icticable general formula 
IS given in Anduavs’ ” IClementary Hrmcipk\s ol Reinforced Concrete Construction.” 
In tlu' pres(‘nt author’s o[)inion the most sat ishu lory treatment of the subject is 
given by Dr (Isiar h'.ibei 111 his article “ Design of Reinforced (oncrete Members 
for Heiiding I'ombuK'd with 'riirust or 'ren.sion,” published in ” The Thiilder,” Jan 
5, io~\^ ct si'ij , .md in ” ('oncrete and Constructimial I^ngmeermg,” H)2() This 
method is .ap[dic.d)l(’ to .ill coN’cr ratios .md amounts of coinpiessive reinlorcmnent 
lor (.heckmg giNcn sections it the nece.ss.ary graphs .are .iv.ulable ; the direct design 
of sirtions is linnti’d to stresses of j(),ooo and Ooo lb. per si^. incli.| 

XV. Specifications, Quantities, ai.J Costing. 

SlM'XTFICATlONS. 

« 

“ C'ivil iMigineering SiH'citk ations and Quantities,” by G. S. Coleman and C> M 
h'lood ~ h'or general civil engineering contracts, but not particularly leinforcis'i 
concrete work. 

“ Sjiecili(\ition in Det.iil,” by h'. W. Macey. — Co.nprehensive detailed treatment 
of the building and allied ti\ides 

R l.H A ” Standard Conditions of Contr.ict.” 

Sria lAi. Matehiacs * 

” vSjK-c iIk ation ” (issued aimually). -Full p.articulais of projirietary materials 
used in budding and allied tr.ides. 

H S.S., No i =, ” Sti'cl for bridges .ind general buikling construction. Steel 
tor rivets. 

“ H S S , No 2 \ " (Part |) — Cast steel 

“ less. No. 31 -Wrought iron, Grade C. 
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“ B.S.S." — Cast iron ; various standard specifications ile.d witli cast noil for 
dificrciit purposes (see list published by British Stand.irds Institution ) 

" 13 .S.S , No. ()." -Rolletl steel sections for structural purj^oses (Maker’s 
handbooks also give full particulars of standard joist, angk*. tee aiul channel sections.) 

" Design and ('onstniction of honnwork fin Concreti* Stnu tuies, ' by \ K Wynn 
(20s.). 

" Building Constiuction ” (Jileinentary .ind Advanced), by (' Mitchell — Details 
of masonry, joinery work ami brickwork 

” lyenijie’s lingincer’s Yearbook." — Des- .iption of and uses for \aiious classes 
of timb(‘r ; sjiecification for Dr Angus Smith'.' solution 

" S S , No 144 !’ — Creo.sote for the preserv ation ol tiinln'r. 

" J’roc. ot 1 . ot C.K LYof IMatthew’s report on concrete and timber piles 
" R.ein forced Concrete Bridges." by W. 1 . Scott (jSs.) —Details ol inei hanu al 
hinges for concrete l^ridge work. 

■' .ViTol's Jlriilge and Structural JCngincer’s 1 faiuibook,’’ bv A Hunter - Cnm- 
jilete specifications for .stnu tnral steel work 

• • ( )i wi 

Draft Rejiort ol ('omimtte(‘ appointed by Inst of C !•' on I'lviJ I'aigmeeimg 
Oil, inti ties (1932). Inclmfi's a section on Kemlorced ('oiiLiete 

“ Stand. ard Method of ^leasurement of Biiililmg Works"- Dselul sis turns on 
reinlorced concrete work ^ 

"Civil Kngineering SjkmiI'u ations and Ouantitu-s," by G S. Coleman and G. M 
i^doud — Chves notes on <|uantiti(‘s for stnu tnral woi k, (‘\i hiding reinfoiced roiurete 
" (Quantity Surveying for Ihiilders. ’’ by W L JA'orslu'd (10s. fv/ ) -Methods ol 
taking-olt and billing lor general strmtun^s 

" Scottish Mode ot .Mivisurement for I'Jeinton ed Concreti‘ Work." 

Cost INC. 

" JNtimating <md Cost Rrej mg for ('oncrete Structuri's, ’ ' by A K Wvnn 
(13.9 ) A vomjdett' tieatnunit ol modem nudhods ot estimating aiul l osting, with 
extimples from jiractice, 

" f-axton and l.ockvsood’s Builders’ Brice Book" (is^iiisl annually) -Cinics 
current inatenal and labour rules lor building .and .allied trades , recent issiu's include' 
l.ibour costs loi n'lii forcetl concrt'ti' construction 

Current unit rales for labour, m.iti'rials, and laboin and in.if eri.als tombined, 
With sp('cial relerence to leinloned conciett', are givi'ii m " Concieb' ami Construc- 
tional Kngineering " (published nu)nthl\) ; for general I'uildmg trade rates see " '1 lu* 
Builder" (wi'cklN ) ; for engineering r.itr's s(‘<' " haigim ei mg " (weekly) or " 'Ihe 
JCngim'r'r " (weeldy) 

" Molesworth’s h'ngmeer’s Rocket Book " — (iiv<'s p.Liticulars f)l " man-hours " 
required to complete given amounts of work, e g excav.ition. 
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- Wind piessiiie on, lo, i i 
I hmehes, l-oads foi, 175 

I mem. IS, Loads for, 171 
Columns (see also Foniulations', 
Af^gu-Kate for, i 10 

- IVndiii)' in, 18-50, i|S-ifii, 202- 

201, 211. 24^ 

- Consisteiiev for, 219 

- IVsifiii of, 126, 1 1 i-T 1 7, 2 JO 211 

- l-'i'einomical clesi)?ii of, 1, T|7 
End conditions, 12, n 

- Moment of inertia of, ij-lfi 

- Quantities for, 167 

— Shiittennc for, i(i2, 

- Steel weights ami aieas fm, 127 

222 

— Stiesses foi, 1 18 


Containers, Dr* fin it 101 is of, 71 

— V/eights of stored materi.ils, 1,0 
Cooling tov\< rs, loi 
Counterffjrtcd walls, 75, 71., 100 
Ciushing plants, loi 

Culverts, 103 -101 

Dance h.alls, i.|, 175 
Dull halls, T4, 175 

Idoors (sec also SLihs) 

— Aggregate ft>r, 112 

- Costs of, 170, 171, 2r>S-27o 

— - Dtsigii of, 25h-2ni 

- (hanohthir hiiish foi, i i |, i?”) 
Jlollow tile. ';8, 171 

- Loads on, 8, 9, 171 

- 1‘ioteetioii of. ioi,/i|, 111 
I'oiindations (si < .ilso I’llt s .iml K ills), 

. 17 - 71 , 2ot)-.’i I 

- Aggiegate for, 1 10 

- ’* JlJiiidiiig ” Joi , 1 1 1 2 11) 

- H(. 1)1 r, ii>r 
CoiiMsti m V foi, 219 

-- foi e.iithqu.iKe l f sisl ing si 1 m hues, 
12 

— ^insb com’iete, 1 1 (» 

- I’lJiKhing shear in, 1 ’o 

Gantries, (>2, 102, ■178, jo > 

— CiaiK' lo ids for, 1 7«) 

(laiagcs, 112, 175 

Gas pm liters, 101 
(iiaiul-stands, I oads lor, 17-, 
uyiim.isia, Lo.ids for, 171 

Ifoppei bottoms, 86, ifi3, 217, 2f»1 7<>7 
( onu ,d, 7 t 
- Delimtion of, 74 
Sns|M mil d, 7i 
llospii.ils, 1 oads for, r/i 
1 lotels, Lo.uls for, 17s 

I mtels, 8, 17 j, 171 

Oflues, loads for, 174, x 7 t 

I ’lie (ai»s, 33, 72, 73, 120 
I ’lies (see also Sliect riksi, n ■ 70, 

12(1, 111, 161, t 6|, 'III, _'i . 

Coiisisteney for, 210 

— Helmets foi, 105 

- Quantities foi , 107 

- Safe loails on, <>7-70 

— Shoes for, 70, 105 

— Tests foi, 57 

- Timbei, 7, 16 ( 

I’lthcad gears, 101 

Kaft foundations, 10-62, 6|, loi 
Heading rooms, Loads foi, 175 
Kescrvoirs (see '1 anks) 

Kestaiirants, Loads h>r, i 71-9 
Retaining walls, 74-80, 212, 21 v 

— IX-finitioii of, 74 

— E.^aniplos on, 82 

— loints in, 107, 108 

— IVessures on, 17-21, i.Si 
Roads, 101-T07, I in 

Aggregate for, 112 

— Consisteiiev for, 219 
.bunts ill, 107, JoS 

— Suifai nig for, 7, 1 71 
Roofs, 7, 98, 99 

— Consistency for, 219 

— 1 oading example for, 1 74 
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Roofs, Loatls on, 8, 9, 175 

- Smfaiiiig of, I 15, 171 
Weights of, 8, 9, 171 

S( hools, I oads fc)i, 175 

S( rocning plants, loi 

sluet pill s (see .ilso Wharves), 77 

- Passive pre.sme on, 21 

- Shoes for, 77 

- Walls, 75-79, 212, 213 

shops, '' oads for, 175 
Silos, 74, '^6, 1 |8 

ConsisteiiC) for, 219 
I'oiind.itjons for, '» 

Loads anti piessures 111, 9, 23-21, 
iHf, 181 

Moiuenfs III coliiiiiiis of, 51. 12 
Slabs '.(’<• also Moors) 

-- Hendmg moimnfs in, 37-14, .’oi 

— Colil-drawn steel for, 122, i.’i 
Ctuisisleiicy for, 219 

D'sign of, I 6, 133, 131, 200, 232- 
.-Ml 

Elat, iL 201, 261-261, 270 

- Toiiils in, 108 
— Openings in, 99 

— Point IockIs on, 14-16 
Polygomil and i ircular, 40 l 

— Quantities for, 167 

— Rectangular, 38 

— Shuttering Mr, 162, 163 

— Steel alias ,iiiil weights foi, i27j 

222, '’2 f 

Shnr\' basins, 101 
Stairs, f)9-ioi 

— C'onsisti 111 V of, 219 

— I o,iils on, 8, 9, 1 71 

-- Noii'-shf) til atls foi, I T I 
Staliomiy stoics, laiads foi, 171 
Stores (see \V arehoiises, Hunkeis, 
J anks, etc ) 

Suiiauiiiig baflis, 108 

Tanks (.see .ilso Water Towel s), (•, 8 t, 
82, 116, 125, 212, 213 

— ( oiisisfeiicy for, 219 

- 1 )t fmilion of, 7 \ 

— Pourulations foi steel, 62 

— .[oints in, 107, 108 

— Lo.ads, 9 

-- I’lpts in, 166 

— Pressures on, 17 

' - Stiesses in, 120, 123 
Ihealres, Loads foi, 171 

W.ills (see also Retaining W.iIU, 
Bnnkeis, Silos), to: 

-- Aggregate for, iio 

— Hill kwt/rk, 7, 164 

— ('onsisleiicy for, 219 

~ roundations for, 65, 208 

— Panel, 7 

— Partition, 175 

— Quantities for, 167 

— - Shuttering for, 162, 163 
Warehouses, 9, 116. 175 
Water tow el's,,.! 01 

— Columns and braces of, 51 

- - Example of, 180 

- lanks, Hottoin of elevated, 82, Si 

216, 217 

— Wind piessme on, ii, 181 
Wbarvis (st'ft also Sheet Pile Walls), 

161, 165 

Workshops, 14, 113, 175 
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‘‘ESTIMATING AND COST KEEPING FOR CON- 
CRETE STRUCTURES.” By A. E. Wynn, B.sc., 
A.M.AM.soc.c.K. Published 1930. 272 pages, 92 illiis- 

t rations, 2 folders. Price by post 15/6 anywhere 

in the world. 

A FULL knowledge (d costs, and of how to use this knowledge^ 
wlien preparing tenders, will eliminate most of the risks in 
the contracting business, d'he author of tliis volume lias had a very 
wide ex])erienc(; in contracting for all kinds of concrete and reinforced 
conende structures, and has closcdy studied the systems in general 
use. As a result ol this study and practical expcTumce the author 
has adopted in his own business metliods of estimating, cost-ki eping, 
and book*k(‘('])ing which are particularly suitable for the use of concrete 
constriK'tors. 'I'lie system has the advantage of exfrerne simplicit}^ 
and ensiin's the; acliie^vaunent with a mmimfim of effort of the 
accuracj^ in (‘stimating that is (‘ssemtial to successful contracting. 
The book is writteui throughout in readily understandable language, 
and rejiroductions are given of all the lorms reepiinal. 

d'he chapters are as follows : — 

T — rntroduction. 

If — Preparing to TendeT. 

111— The Quantity JCstiinat(‘. 

TV^ — Fstimating Unit Costs. 

V -iMnishing and (hmeral Items. 

VI — Quantity and Cost Estimate for a Building. 

VII — ICstiniates for Concrete Arch Bridges. 

\TII —Estimate' for a Dam. 

IX— I'lie Cost Analysis. 

X — Oftice Management. 

X I — ‘Ce)st-Keeping. 

XII — Labour Costs. 

XIII — Labour Distribution Forms. 

XIV — Progress and Cost Charts. 

X^^ — Plant Costs and Charges. 

XVl Beieik-Keeping. 

Sf^rciwrn fiom tln^ book aye f^iven oil pa!^e< 285 and 286. 
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ESTIMATING AND COST KEEPING. 


heloz^' and on pn^e 286 ate sprcnnrn ftoni “ ni; and t'o.s/ Kripini^ 

for Conixtc Sirm tifm> ” {See ptif^u' 2S.| ) 


ESTIMATING UNIT COSTS. 30 


Considoriiif^ now tlie labour cost “ in front of the mixer," to distiibute 
to tlic forms either wheell>arrows lioldinf< an a\ eraj.;i' of 2 cu ft . of c*onci etc 
or conende caits holdiiit^ about 5 cii. ft. can he used. Altlioii^^li (arts 
will hold 2^, to 3 times as much ctauaidi' as \n hecdb.n rows, they aie 
heavier, harde r to diini]) and turn round, aifd fewer tiips ])er hour will 
be- made with them. 

One labourer with wlu'elbarrow can receive, wlu'cd not over 30 ft., 
and duni|' in forms about 30 cu. ft., or 15 loads per hour, makinf.^ r trip 
e\ er;\' 3 minutes, and 1 miniit(‘ should b(' addeel for each additional 50 ft. 
One laboiuer with cart can rec(‘ive, wheel not ov'er 30 ft., and duni]i in 
foriti^ aibout 50 cu. ft., or to loads jhu' hour, making i trip e very (> minutes 
and iJ, minutes slionld be added for each additional 30 ft. 

To find how inan\’ wheelers will be reepiiu'd to maintain the! output 
of one-half cubic’ yard eweay 3 minutes, divide' the* lime' of whei'ling foi 
I trip b\' the jie'riod fif time' allowed between loads to empty the hoiipe'i* 
and take' the nearest whole numbe'r higher tlian the fraction. 

I’sing wheelbarrows, (> tri])s pt'r liatc'h wall be necessary, or 30 sc'e'onds 
be‘twee*n trijxs, so that the' number of whc'elers : 4 >: !?•'!>’, 5 

r men. 4 

Using carts, 3 trips jn-r batch give! 100 seconds between trips, so 
that tlie niimber of wheelc'rs will be b X 6o/roo, say. 4 me'n. 

One man wall be* rc'ciuircd to handle the gate of the receiving hojiiier, 
and at least 2 labourers will be required to tamj? and puddle! the con- 
crete in the* forms and move runways. In addition, at lerist one* 
car])enter wall be required in.sjiecting forms, setting screeds, repairing run- 
ways, etc. 

The cost then iei front caf the mixer,'' using e arfs, will be jH'r batch : 


1 labourer on rcroivirifr liojipe'r -- 3 iiijinite.*s 

4 ,, whoe'ling each 5 ininule^s ^ 20 miimtes 

2 ,, piithlling ,, 5 ,, — TO 

35 niJiiiites 

(ft- jK^r hour - 

1 carpentt r 5 luiiuUcs 

(ai per hour 


Ovc'r the whole (operation wall be a labour or c(>»ncrete foreman who.se* 
time must be incluck-d. 

The trital cost of concreting under these conditions for an outiiut of 
48 cu. \t1s. j)er day wall be 

Behind Iho nii.xer, 7 labourer.s eatli 8 hours 36 hours (o' jicr hour ^ 

At ,, ,, I mixer operator 8 ,, (a' ,, ,, 

I hoist ,, ^ (fi> 

In front of* ,, 7 labourcis earii 8 liours - 30 hours (O' 

I carpeiiier <8 ,, (m 

1 foreman 8 ,, (ftj ,, - 

, , Total cost of 48 cu. yd. - X 

Unit labour co.st j>er cu yd = AY48. 

It vvill be noticed that there are the .same number of labourers beliind 


as in front of the mixer ; this is a common rule tej use. .If the operations 



ESTIMATING AND COST KEEPING. 


Below and on page 285 are specimen pages from " Estimating and Cost Keeping 
for Concrete Structures.** {See page 284.) 

ESTIMATE FOR A DAM. 99 

plant and for storing aggregate and building forms. Since the whole 
area of tlie reservoir had to be cleared of trees there was plenty of 
rougli timber available for building a trestle, no wrought timbers 
being necessary. 

All excavation had to be de])osited at the back of and against the 
dam, s(3 it was decided t(; build a trestle on this side because, although 
it would mean the loss of the timber bents, the embankment would add 
to the stability of the gantry and would afford a convenient working 
space. Also the concrete could be run out on flat trucks on a narrow- 
gauge track laid on tlie trestle and hauled by a cable and hoist, using 
the derrick as a “ dead man ” to haul against. The travelling derrick 
would handle the forms, do the excavating with a grab bucket, and 
handle the concrete in dump buckets. 

The next consideration was the concreting plant. With a minimum 
of men, it had to be mechanically operating as faf' as possible. It was 
desired to pour 12,000 cu. yd. in eight months, or 200 working days. 
This gave a rate of 60 cu. yd. per day, or 120 cu. yd. every other day, 
since forms w(juld have to be handled between and there would be some 
lost time on account of weatlnn*. \ 

A mixer turning out J cu. yd. every 3J- minutes was estimated, or 
at the rate; of i 2 i\ cu. yd. per 9-hour day (this rate was maintained, and 
often increased). An overhead charging-bin fed by a guy-derrick and 
operating a grab bucket, with batcli-boxes for proportioning, would 
be necessary. If the plant were set in the side of the hill some advantage 
could be taken of gravity action, so it was decided to build the cement 
shed on toj) and chute the cement on to the platfonn of the mixer (large 
])lum-stones could be handled the same way, chuting on to a flat truck). 
Owing to lack of space aggregates could not be stored at the high level, 
so a temporary road was built down the hillside to the mixer level. To 
traiisi)oit the concrete to the derrick a narrow-gauge track with flat 
trucks and dump buckets was considered, using a hoisting engine and 
cable. The number of trucks, length of track, switches, etc., required 
to maintain the output had to be estimated. 

An examination of the surrounding country showed deposits of 
rather line gravel deficient in the larger sizes, so for economy and for 
better grading it was considered some field store would have to be crushed. 
Since this had to be collected from neighbouring fields up to a mile away 
several schemes were compared for cost, and it was finally decided .to 
estimate on using tractors to haul dump wagons. The crusher could 
be placed near to the aggregate pile so that the same derrick could handle 
the stone, gravel, and sand. 

Other items of plant needed at the site that had to be estimated were 
rock-drilling equipment, blacksmith's outfit, saw-table, pumps, and 
many small items. Each item was priced separately and 50 per cent, 
of the total cost was charged as plant rental. Some of the larger items 
were calculated at second-hand prices, at which it was known they could 
be bought. Siirce it was estimated the plant would be required for 
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“CONCRETE' 

AND 

CONSTRUCTIONAL ENgI^NEERING” 

The monthly Concn'tc Journal. Price i/6 jier copy. 

Annual Subscri})tir)n, i8/— po.st free. 

Since its inception in igo6, this journal has built up a 
reputation for its authoritative articles on all phases of the 
many applications of concrete and reinforced concrete. It 
is the only journal published in this country dealing solely 
with reinforced concrete in all its aspects, and counts amongst 
its regulr?r contributors the leading experts at home and 
abroad in the theory and j^ractice of reinforced concrete. 
It is the only medium through which those engaged in the 
constructional industry can keep up to date with current 
theory and practice. 

In each i.ssue there are valuabh' articles of interest to 
consulting engineers, architects, and contractors, to whom 
this journal is indispensable. Every important new reinforced 
concrete work is fully illustrated and described. Special 
features of each issue include the most complete Data for 
Pricing Concrete and Reinforced Concrete Work published 
in this country, and a Questions and Answers .section in 
which subscribers' problems and queries are solved or replied 
to in detail by experts. 

Send a postcard for free specimen copies. 
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‘‘ DESIGN AND CONSTRUCTION OF FORMWORK 
FOR CONCRETE STRUCTURES/’ By A. E. 

W ynn, u.sc., a.m.am.soc.c.e. 320 pages, 219 illustrations, 
12 folders, ii design tables. Strongly bound in cloth 
covi'rs. Price 20/-; by post 20/9 anywhcire in the 
world. Revised . 1930. 

T HIS is llie only ])ook piiblislied in the luiglish language dealing 
solely and exhaustively with the subject of Formwork. It is 
indis])(‘nsablc‘ to anyone engaged in the design or construction of 
concn‘te structures. 'I'he vohimc gives comj)l(de designs for form- 
work for ev(‘ry type of plain and reinforciid concrete structure, from 
simple footings to arch bridg(‘S, with tables from which the sizes 
and quantities of timber requin^d for any type or size of structure 
can be s('en at a glance 

Uie followijig is a list of the chapteTs : — 

T — I'orm lUiUdiuf^ in (ieiKTal. 

If — MateTials, Loads, Pr(‘ssiires and Stresse^;. 

Ill — 'I'heoretieal Design of Forms. 

J\^- l)(‘sign 'babies. 

V — -l)c‘sign ih'oblems. 

VI — Detail ('onstniction of Jh)()ting Forms. 

Vdl Detail Construction of ('olumn Forms. ^ 

VI rr -Wall Forms. 

IX — Ikdail ('onstniction of beam and Girder Idoor h'orms. 

X -Forms for Rib Moors and Structural Steel Fiieprooling. 

XI — IVlis('(‘llaiieous 1 m inns in building Construction. 

XII Forms hu' Flat Slab ('onstniction. 

XI If — lM)rms for C.onduits, Sewers and CailvcTts. 

XIV — h'orms tor Tanks, Silos, IFns and Standpipe's. 

X\' — Imrms feir Dams, Piers and Th'avy Walls. 

X\T — Steel Forms in bnileling and Wall Cam struct ion. 

X\dl Ste'el Imrms tor (airved Surfaces. 

XVirr— Arch False^wenk. 

XIX — Other Jhidge iMirms. 

XX- -Patent Devices. 

XXT — Planning the Work. 

I.IST OF TABLES. 

T. M.i\innini of lloor sluTilhin^ lor various IhiLknrssos of slab. 

2 JMaxnniim s[)aTi ol wall .sheathing lor varnais Juighls of vail 

IMax'irmiin span of eohiinii sheathing for various heights of column. 

.\. M.ixiinuiu .S])acing ol llo<w joists for various spans and tiuckiiesses of slab. 

5 ^laxiinum concentrated hiads tamed by ledgers and wales for various .sj^ans 
riud sp.icing of lo.ids 

6 — o. Spacing ot tohimii \okes for various sizes and heights of column. 

10. INl.iMnuim sjiacing of vales and wall ties for various sizes of studs' and heights 
t)l v.ill 

II. Safe loads on posts. 

( 5 tc oppOi^ite for specimen page from this book.) 
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FORMWORK 


Specimen pa^c fnm " De^j^n and Con^trmlion of Jor Conn etc Stmeture 

{Sic page 2SS ) 


40 

DI'SK'iX 

OF FORMWORK. 



(a) Sheathing 

14 

=^i-i7 ( f >) y 


1-17 

12 

12 


Joists 

it) . 12 14 

12 '.12 

>: 14 


— 

- 072 

()s |5 


i .|4 _>(> 

144 



Ledgers 

"i 

^^0.45 


' = 0-50 



^44 



Posts 

i() , .50 


40 

O-bl 


1 1 i . <• 

H 4 >' 

5-5 


Braces 

() 42 

t> V 

)t> 



^ 0-22 


--- ()-27 


i-H .• 0 

144 ' 

5 '5 




3-12 c f. 


3-00 c.f. 


Th( n* is not inii(:]i (lilfca-na* bc‘tvvi*i‘n Uk' two rli'si^ns foi innounl of 
material used, ^o it will bo a question of th(‘ n hilivi' eost of si/os. 

Dcs^n 3 : Beam and Girder Panel, Short Span Slab. 


Design forms for iyfual hay of hcam and girder construction, consisting 
of^}s~in. stab, 8 in. ty iS in. beams, span 22 ft. and ^Jt. 4 in. on centres 
and 12 i)i. by 20 in. girders, span it) ft. 





From Table i, i-in. sla'atliing for J.j-in. slab will span 32 in. ' - 
Span of joists will be 4 ft. 6 in. From Table 4, interpolating between 
3 in. and 4 in. slabs, we can use 2 in. by 4 in. at ibj in. on centre, or 
2 in. by 6 in. at 39 in. on centre, which, how^ever, must be reduced to ^ 
32 + f = 33 in* on centre because of the deflection of the sheatliing. 

The .latter will be more economical, so will be chosen. 

Load carried to ledger, including 40 lbs. live load = (42 + 40) x 
275 X 2*25 = 510 lbs. • 
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“REINFORCED CONCRETE RESERVOIRS AND 
TANKS.” By W. .S. Gray, b.a., m.a.i., a.m.inst.c.e.i. 
Published 1931. 200 pages, 119 illustrations. Price 

10/—; by post ib/6 anywhere in the world. 

CHAPTERS 

I-CIRCULAR TANKS. 

II -GASHOLDER AND TAR TANKS. 

III— SHALLOW CIRCULAR TANKS OF LARGE DIAMETER. 

IV— OPEN RESERVOIRS. 

V RESERVOIRS WITH COUNTERFORTEp WALLS. 

VI -OPEN RECTANGULAR TANKS BELOW GROUND. 

VH -RECTANGULAR TANKS ABOVE GROUND. 

VIII FLOOR AND WALL JOINTS AND DRAINAGE^. 

IX - SWIMMING BATHS AND TANKS WITH SLOPING 
FLOORS. 

X— TANKS WITH CONICAL OR PYRAMIDICAL FLOORS. 

XI -COVERED TANKS. 

XH— LARGE ROOFED TANKS IN WATERLOGGED GROUND. 
XIH EXAMPLES OF COMPLETED RESERVOIRS. 

XIV NOTES ON DESIGN AND CONSTRUCTION METHODS. 
XV— TESTS AND REPAIRS. 

T his book deals in a tliorouglily practical manner with the design 
and construction of plain and reinforced concrete reservoirs 
and tanks, swimming-baths and pools, and other water-containing 
structures both above and below ground level. While the book 
assumes that the reader has a knowledge of the elements of reinforced 
concrete design and construction, it is written and illustrated so that 


290 



RESERVOIRS AND TANKS (continued) 


its contents will be really useful to an engineer who has not before 
undertaken this class of work, while the experienced designer will 
find all the available information on the subject prevsented in a handy 
form. 

The author* has not confined the work to the broad principh's of 
design, but discusses various methods in detail and points out the 
simplest solution of the various designing problems. Throughout the 
book the reader is given advantage of the autlior’s consitlerable 
practical experience in the design and construction of rc'servoirs and 
tanks. Even those experienced in this class of v-ork cannot fail to 
find valuable ideas for simplifying their work, for in addition to the 
author's personal i^xperi<.‘nce there are presented here for tlu' first 
time in the English language useful ideas from Continental practice*. 

Each chapter deals very thoroughly with its subject, and discusses 
^the smallfbut important details so often neglected in text-books. 
The book is one in which the reader wilt be certain of obtaining the 
information he requires on any probh'in in reservoir and tank design 
and construction. 

A chapter is included on construction methods, showing how costs 
can be kept down by the adoption of suitable plant and plant lay-out, 
formwork, etc. — a subject of very great importance but not always 
given proper consideration. This chapter should be invaluable to 
a contractor carrying out this class of wwk. 

The illustrations, 119 in number, are clearly drawn, and include 
complete designs for reservoirs, tanks, swimming-baths, etc., wath 
details of expansion joints, floor and wall joints, reinforcement for 
walls and floors, formwork, detail photographs of modern construction 
methods, etc. 

• For the first time in any book, valuable information is included 
on the design and construction of tanks in ground subjected to sub- 
sidence Sy mining, and on the stability of tanks in water-logged 
ground. 
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‘‘ CONCRETE CONSTRUCTION MADE EASY.” By 

Leslies Turner, B.sc., a.m.inst.c.e., and Albert Lakeman, 
I,. K. 1 . 15. A., M.i.STRUCT.K. Published 1930 . 113 pages, 

65 illustnitions, 16 tables. Price 3/6 net ; l^y post 4/— 
a 7 )y\vhere in the world. 

T IIKPIC are no unsolved problems in tlie design and erection of 
any typ(j of coiicrele structure to the builder who lias a copy 
of this book, by authors well known for their ability to explain rein- 
forced concrete problems in rc'adily \inderstandable language. This 
book gives lull designs with tal)l(\s and all information nec(‘ssary to 
(‘iiabk* builders to erect foundations, walls, columns, tloons, roofs, 
staircases, iK^ams, water tanks, ndaining walls, stanchion bas(\s, lintels, 
formwork, etc., of any size without further assistance. 

To those who ar(‘ fresh to the subjert the book contains A niine 
of iriform.'ition, whiles thos(‘ who have had experic'nce in reinforced 
('oricret(‘ design and construction will find it a fruitful source of 
advice, for it is essentially a practical work. ^ 

'I'he cha])t(‘rs include* : 

I h'OliNDA'riONS.— (h'oundjition Iht'ssures— boot ings for Rein- 
forced ('oncretc ('oluiuns and Ste'C'l vStanchions - ICxcavation — 
R('infon'(‘nieiit - -Formwork — Quantities — -Wall ^^'ootings — ^ 
Raft h'outulations). 

11 ('ObUlMXS.- - (Quantities — I'orinwork- Eree tion of Forms — 
Rei n f( )i ('enien t- C’oncre't mg) . 

Ill - HICAMS.-- (Single or (’)ne-s])an F>eams Didermination of 
Dimensions — Wall JF*aiings ('onstruction - I'ormwork — 
Mati’iials - Continuoiis-vSp.in beams). 

JV FINfELS. (1 )e.sigii— h'ormwoi k Fitting). 

F h'FC)OR AND ROOJ^' vSL.MFS. - (Loading and Supporting Slabs 
I'ormwork - Placing Reanfoiceinc'nt ('oncreling — Finishes 
Single-S[)an Slab.s- Continuous-Span .Slabs- Quantities -- 
Roof Slabs). 

Vl-PANh:L WALLS. 

VI 1 - S'fAlRC'ASICS. — (Pre-cast Steps hi Si^t Stairs baluster 
luxing- Surface Finish — Constructional Details — Reinforce- 
ment- Formw(n'k). 

VI 11— SAW TOOTH ROOP'S. — (Method of Manufacture — Reinhnce- 
nicnt — Handling- — Design of 'l'russ». .)• 

IX — WA'fER 'I'ANKS. — (Tanks above Ground Level — Tanks below 
Ground Level- Quantities). 

X- R1CT.\ I NIXG WALLS. — (Excavation^- Shuttering — Reinforce- 
ment Removal of Shuttering — Expansion JointST- Returns 
and Angles -Shaping Sites). 

XI-GP:N]aG\L SPECIFICATION AND NOTES. 
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“ELEMENTARY GUIDE TO REINFORCED CON- 

> 

CRETE.’’ By Albert Lakoman, i..k.i.u.a., M.i.STRtTCT.E., 
Honours Metlallist Construction ; late Lectnn'r Wool- 
wich Polytechnic. Sixth liclition rex isecl 1930. 94 pages, 
79 illustrations. Price 2/-: liy post 2/3 anywhere in 
tlu' world. 

F or the buiklcr, tlic student, tlie cleik-ol-works, tlie foreiiKin, or an\'- 
one iiitcrcsled in buiKhiiL; and wislnii^ lo i^ain a knovvledj^e of tlig 
principles and practice of 

■ f ; , . 1\'<> tH- im 7«j Lxplaxmokv J)i\c kams 

rcinlorced concrete, tlierc is i r\Kr\ 

no better book than this. 

It is especially written for 

the Ix'ginner, and on the — ^.r -4 

assumption that tlic reader — ' . - 

Jias no previous knowledge a — 

of the subject w]Kite\.T. ix\X>/ tckSION^ E”? 

Tlie author is W'ell known 

for his lucid manner of ex- Fic. ju- tciitci- on JJ .iin of Ct ntr.il 

})lanati(»n, wliith he has c one. niiait d Load 

us(‘d in tl^s book to make detir the prin- 
4 cijdes ,e;overning the design ol rcinlorced 
concrete in a wav that ('aipbe readilv grasjied 
without retenmee to any other text-book. ' j 

The cliapters iiu lude : Introduction and I 

Expla nation of Terms ; Loads ; l^emlorce- 1 | I /Tnin pLATf> 

ment ; Neutral Axis ; Reinforced Concrete 

Reams ; Fixed and Supported Ih^ains ; f f I ^ 

Lev(M-age of Jieams ; Ikmding Moments; i I I Ijl 1 I 1 

# Shearing Stress and Slabs; Reintoiced RtACjion cf 60iu 

Concrete Columns ; Reintorced Concrete , I'/c . r i i ^ i 

' . in, \ l'dl( ( I of L(tad on Sod 

Walls ; JLises and Foundations. 

'['he .simjile explanations are illustrated with cUxirly-clrawn diagrams, 
79 in number, which are used wherever neces-,ar\' to make the text readily 
understandable. 


TENSION- 


6up ported^ 

EMD 


- I'dHft on IL.iin of Ci ntr.i 
(.'oiict nliali d Load 


CoienH ■ 




Reinforced Concrete 
Supported ]h‘ams ; 
Bemding Moments ; 


. Shearing 
Concrete 


RtACJIOM cF 

lClf((tof Load on Sod 


Some Appreciations. 

“ lh\ iTV' bnddcT carrying out roinforcod t ontreto would do am' 11 to give Ins foiTinan 
a copy ot tins hook, and obviate many inistake.s ” — 1 he .hthihiL 

“Lxplanatory matter is kept as simple as possibl<‘, and highly technical language 
avoided Will appeal to students" — Dmly '1 

* “Will enable foremen to .supervise work intelhgenil v, thus enabling builders to 
reduce the danger of defectjve work with its .seiiou-j coiiscf[nLTices i arpenicr and 
Jimldey. 

“We cfo not often come across a book dealing with technical mattiTs wnthout 
mathematics and forniul.r, but the author of this little work h.is aclm‘ved this dillicult 
task in an admirable manner." — ArchitctW Journal 
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“REINFORCED CONCRETE BEAMS IN BENDING 
AND SHEAR.” By Oscar Faber, o.b.e., d.sc., 
M.iNST.c.K. T 5 ()paf'es, 1 13 illustrations. Published 1924. 
Price 9/- not ; by post 9/6 anywhere in the world. 

T his is an ('xliansli\'c treatise on the subject of bcnrlinp and shear 
ill rcinfoiTcd coiirrctc beams both with and without compression 
reinforcement, illustrated witli T13 drawinf^s and photof^raphs. The volume 
is a result of exhaustivti exyicrimental and research work by the author, 
and contains new rules and formuke which have a scien title basis and are 
of such a form that they mav be conveniently used by eiif^ineers. 

Some Appreciations. 

" ])r 1', liter has not only .s|n‘rially designed beams of pr.KdK al dmiensujns Jii such 
a way that lh(‘V must lad under InMiding and sliearin^^ stresses respeei ively, but he 
lias also .iiial>sed llic be.irin^^ whicli the results he has obt.nncd from his es'perimcnts 
hav(‘ ujMui tiu; methods of desi{.;n recommended in the repcirt on J<.einforced Concrete 
of the Jtoyal Instilnle oi Ihitisii Architects, enforced by tlie London County Council 
Kef^ulations dealing with Kianforced Concrete, ainl advocated by himself. Dr Faber 
IS to be congratulalc'cl upon llio value of his exiieriments and of the deductions he has 
denv<‘d tlKK'from Without doubt the author’s conclusions, observations, and 
analyses are vi'ry coiiviiK iiig, whil(‘ tlui correctness of the I'csiilts obtaincxl by the 
application of his theory is amply deinonst rated by comparing them with the ultimate 
lo.idings on his experiment.d be.irns ” — h^iguucung. 

" ]t is good to have in p<*rmancMit book form Dr. Faber’s very important work 
u]iori the stnuigth of reinfoni'd conerete beams in bending and shear. Engineers and 
students aie strongly nToiniiiended to read tins book wuth eare, and to realise that 
there is often more to bi‘ obtaincil fiom original w’ork emanating from this country 
than the si issors-.ind-p.iste < ompilations that How so frcv'ly from abroad.” — }^wakt S 
An’Dui-ws, F S( , AI Inst C h! , in ('oino/e aud L on.^iyiK tional Jiiigincr) 


“ MODERN METHODS OF CONCRETE MAKING.” 

By Ewart S. Andrews, B.sc., m.inst.c.k., and A. E. 
Wynn, B.sc., a.m.am.soc.c.k. wSt'cond Edition. 1928. 
Pric(‘ 1 /- ; by j)(>st i/ 2 anywhere in the world. 

I N this book I lie authors dcsiTibc in simple and readily understood 
language the nu'thods of making concrete at a minimum cost. 'J'he 
cement-water ratio method of ])redetermining the strength of concrete 
is fully and simply explaiiH'd, and tables and curves are given showing the 
quantity of watei\ necessary to give maximum strength with different 
concrete mixes and with different si/e aggregates. It is clearly shown 
how the use of the correct water content enables the cement to be reduced, 
with consequent econoinv. 

'I'he first edition of this book was sold in .six months. This new edition 
has beiMi enlarged to include data relating to typical British Portland 
cements and ra])id-hardening Portland cements. It deals especially with 
the methods of piodiK ing strong and uniform erwicrete at the lowest cost 
and shows how a 1 : () concrete made in accordance with the author's 
recommendations can be as strong as a 1:6 concrete proportioned by 
haphazard methods. 
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“ THE CONCRETE YEAR BOOK/’ A Handbook, 
Directory, and Catalogue of Concrete. (Published annu- 
ally on January i.) Edited by Oscar Faber, o.B.ic., 
D.SC., M.INST.C.K., and H. L. Cbilde, Editor Concrete 
Publications Ltd. Revised every year. 764 pages. 
Price 3/'6 ; by post 4/3 anywhere in the world. 

HANDBOOK SECTION. 

The Haiulbook Section contains authoritative chapters on prac- 
tically every aspect of concrete and reinforced concrete design and 
construction, embracing the latest practice at home and abroad. No 
attempt is riiadt! at giving individual opinions, but to present in 
concise and convenient form specifications or methods wliic'h an' 
either standard practice or recommendations formulated after tliorougli 
investigation by competent bodies. Tliis section includes, among 
otlier subjects : — 

Costs. — Illustrations, (onstnictional details, and costs of a huge ninuher 
. of concret? and reinforced concrete structures of e\'ery description, from 
which approximate, costs of rect'iUly erected structures can be seen at 
a glance. 

Concrete Making. --Notes on the best method of securing strong 
concrete of uniform strength, water content, (oloiired concrete, storage 
of cement, projxirties of aggregates, concrete in sea water, curing, con- 
solidation, cementation, etc. 

Slabs. — Tables for the design of Reinforced Concrete Slabs for various 
• spans and loadings. 

Footings. — Tables from which the size and reinforcement of footings 
necessary for various pressures can be seen at a glance. 

Loadings. — Data relating to Floor and Root Loads, Loads of Walls 
and Partitions, Wind Pressures, Earth Pressures, Foundation Pressures, etc. 

Beams. — Properties of common sizes of reinforced concrete beams. 

Floors. — Specifications and Designs for various types of concrete and 
reinforced concrete floors. 

• Granolithic Floors. — Specification for granolithic floors. 

Water Towers. — Designs and tables for ascertaining at a glance the 
approximate cost of water towers of dillcrent sizes and heights above ground. 
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“THE CONCRETE YEAR BOOK” {continued) 

Bridges.— Desi^^ni and constnirtion of various types of reinforced 
concn'te biidt^es, l)r()Uf<ht up to date witli tlic latest Ministry of Transport 
Regulations. 

Silos. — Design and. Construction Data for Reinforced Concrete Silos. 

Surface Treatment.- -Illnslrated specifications ftn* different methods 
of surface treatment for concrete. 

Reservoirs. Data on d(‘sign and construction of Reservoirs and 
Underground 'I'anks, with tvjncal Design; tables and curves showing at 
a glan((' a])proMTnale ( osts ol < ircular and rei tangiilar n^servoirs of various 
capa('itit“s. 

Piling.-- Varirius driving formula*, and notes on casting and driving 
concrete' jiiles. 

Formwork, 'fimbers and timber siz(*s. Designs for shut lering for 
walls, columns, b(‘ams, etc., of \'arious sizes. Tabh's showing timber ^izes 
r('fiuir(*d for various strengths. iv 

Pre-Cast C^oncrete.- — Sj’XH ituations for the mamifactun? of many 
typi's of coiKTcte jirodncts and cast stone, with drawings of moulds in 
wood, ])laster, g(*latine, et('. 

Cement. '-Notes on strengths of cement, tests for cement, etc. 

Concrete Roads.-- -Up-to-date specifications for conende road con- 
struction. 

Memoranda. -The most com])letc memoranda ever jiublislied of every- 
da\' use to the coiurete user. 

Bibliography of e\'ery book published in the English language dealing 
with ('oncrete anil I'ement and allied subjects. 

DIRECTORY. 

'I'he Directory Section is the only complete directory of tlu‘ con- 
crete industry jiublishcd in this country, clas.dtied under different 
headings for case of reference. A complete list o{ trade* names and 
brands in use in \he industry is a valuable feature. 

CATALOGUE. 

The Catalogue Section contains full particulars of the businesses 
or products of nearly 400 firms connected with or catering for the 
concrete industry, and is invaluable to anypne seeking a firm of 
contractors to carry out special kinds of work, or a machine or product 
for a special purpose. 
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‘‘ MANUFACTURE AND USES OF CONCRETE 
PI^ODUCTS AND CAST STONE.” l^y II. L. 

Childo. ^]54 ])])., 2()5 illus., colour ])lates. ('(/inpletcly 
ic-v\ ritten and enlarf^od 1930. Price (> ' ; by post b '() 
anywhen* in the world. 

T his voIhhk' (UmIs e.diauslively witli every phase of [he inanii- 
lartuie of pre-cast concrete, concrete' products, and c.ist stone 
of ( Ve ry di‘scnj)lion and for all pnrj)osi‘^. 'I'his is tlu' only \()linn(' 
d(‘alint^ comprelu'nsively with the subject. Throughout it is wiitten 
in sin^)l(' language, illustrated with photographs and cli'ar drawings 
on ])racti<'a]ly ev^Ty page. 

• 

All the available information on pre-cast concri'te', from tik's to 
an'hitectural cast stone, is embodied in this practical work, which no 
products mamifacluror, borough surveyor, or builder can aflord to 
be without. 

Jt The ess(‘nti^ls of .selection of materials, grading and j)roportioning, 
mixing, curing, etc., are lully covered. All the generally used mtdhods 
(T surfa('e treatment (and many lU'W oru's) are descrilx'd and illustratc'd 
in colour and half-tone, and the nicdhods of making coloun'd (‘oncietc* 
an* exi)]ained. Various surface textures are illustrated, and the 
methods of obtaining them de.scribed. 

[✓ The design and manufacture of moulds for all types of coiu rcde 
products and all shapes of cast stone are dealt w'ith at length, the 
descriptions of the best and simplest moulds for each type of product 
being illustrated by more than 100 w'orking drawings and illustrations 

of moulds in W’orxl, plaster, sand, gelatine, concrete, etc. 

• 

Working drawings are given of moulds for columns, cornice, posts, 
paving flags, Terb and channel, blocks and slabs, bricks, roofing tiles, 
steps, sills', lintels, edging, balustrade, sundials, bird baths, lettered 
panels, ornamental work, etc., etc. 

Suitable proportions of cement* and aggregate are given for all 
product? 
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“PRE-CAST CONCRETE FACTORY OPERATION 
AND MANAGEMENT.” By H. L, Childc. 216 
pagos. 146 illustrations. Published 1930. Price 3/6 ; 
by post 4/— anywhere in the world. 

T his new volume gives complete descriptions of the methods 
and processes used by more than twenty manufactureis of 
all classes of i)re“Cast concrete. The works described in this volume 
include tlie largest makers of paving flags, roofing tiles, and similar 
products ; concrete and lirceze slab and block factories ; large and 
small cast-stone works, etc., covering the whole raiige of pre-cast 
c<Micrete units. The works of local authorities, railway companies, 
etc., are included. 

In (‘acli case full information is given on tlu^ lay-out of tlie plant ; 
tlie tyjK's of machines and other plant used for diThTcnt purposes ; 
tlie materials and projiortions favoured by the ditferent manufacturcTS ; 
the mixing, casting, finishing, and curing processes ; the types of 
moulds used, and how the moulds are made, etc. 

Among th(‘ factories dc'seribed and illustrated are 

(iKI’\[ WCSTI'KN Iv’AHAV'AV ('oNCKhri*'. DkPOI SoUlllFRN K MI'WAY CoNCUKTK DfCI'OI' 

) AKNf)iJ) iX So.v, Lri) Akt I’wkmenfs A Dicokai ions J^ti>. Ait. as S'i'onk (a), 
j.ri) (' vmukiiu.k .Aio ii-iciAi Sioni«: ('.o , Utd C'onckicti-: TJ iilttiks I^rij Kmkuso.n 
A' Norius, I. id lwij<r AsriN(, Tii.ic <.'(), Ui d (ir oiu'ics ikk Coun rv Councic Dtpox. 

I lol t'Kl- li-: I'RDDCClS T/ID HaIKS CoNCKFriC MANUF'An DKlNf, Co 1.11) M vRLEY 
'hi 1- C'o , T.U). Mono Cdncricik ('o , I. id I’aiivni' iMPFRViotJs Stonk and Cdn- 
STKIHIION ('o , T.ll). Sn\Rl’, JoNF.S A Cc) , J.l'D SlUARl’s ORANOLITirU' ('o , l.PD. 
W'aI M N(,I()RD ('()N( KlOE JiUITK AND I'lI.E WoRKS WlIARK LaNIC ('ONCRETI-: Cu , 
J.ID WaDDON CoNtKK'lK Co , LTD. 

” MOULDS FOR CAST STONE AND PRE-CAST 
CONCRETE.” 8o pages, size ii in. X 7!- in. Pub- 
lished 1930. Price 2/'b ; l)y post 3/-- any^where in the 
world. 

T his iuav Jiublication contains larg{'-scale clear working draw- 
ings, with explanatory notes, for making wood and plaster 
moulds for : 

Arc'Iifs , J1amj.s' 1KADTN('. , UiRD Baths (of s(*\t‘r. 1 different designs); Chimney 
Caps ; Chimney I’ors , ('oedmns (Round, Siiiiare, and Octagonal) ; ("opings ; 
Bier ('vps ; 1''j*:nges (of sc‘veird ditferi'nt ilcsigns) ; Firl^pi-ace Surrounds ; I'eower 
Boxes; Bedimi:n'1s , I’ercjoias; Oate 1*ieks , Gate J*osts ; Biles; I'ipes ; 
'I'lNNis Surround Bosrs ; .Sili s ; Siumdials ; Tanks; Troughs (Circular and 
Kehangidar) ; Weil J.ininc.s ; Tracery W'indows, Ktc 

l'hes(? large clear working drawings are presented in such a form 
that they ran he followed by any earperter without previous ex- 
jXTit'iK'e of mould making, with the certainty that the cheapest and 
best moulds will be made. In each ease a good design is given for 
tlie article in (]U('stion, and every detail of its mould explained by 
drawings and notes. 

All the moulds described have been constructed and used by 
practical mould-makers with many years of experience. 
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